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Abstract
MacGillivray’s Seaside Sparrow (Ammodramus maritimus macgillivraii) is a
coastal marsh species sensitive to habitat alteration and threatened by coastal wetland
loss. Data on seaside sparrow distribution, breeding success, and critical habitats are
lacking in South Carolina. To better understand the demographics and incubation
behavior of the species, I monitored breeding success, densities, song output, and
presence of predators at three 7-hectare plots at the densest known population in the
state. I also placed temperature data-loggers in a subset of nests to discern any links
between incubation behavior and nest fate. Densities varied from a low of 5 birds/ha in a
Juncus-dominated site to an estimated 68 birds/ha in Spartina alterniflora/Distichlis
spicata-dominated impoundment. Sparrows built nests at a mean height of 31.1 cm,
lower than nests found in Georgia and Florida. Daily nest mortality was low, at 6.9%.
Nest height, mean nest temperature, and duration of off-bouts best predicted nest fate.
Marsh rice rats (Oryzomus palustris) caused 90% of known nest failures. Females that
incubated successful nests had significantly shorter off-bout durations, lower off-bout
frequencies, and higher mean nest temperatures than females from unsuccessful
nests. Results from the demographic study suggest that the breeding seaside sparrow
population at Tom Yawkey nested more densely when nesting habitat was ideal, and had
fairly high productivity compared to breeding populations in nearby states. I was unable
to find a significant correlation between habitat variables and seaside sparrow occupancy
across 16 random South Carolina sites. Small-scale marsh features may have influenced
site occupancy, some remotely sensed landscape feature that was not tested in my study,
or a combination of the two.
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INTRODUCTION
Seaside Sparrow Life History & Conservation Status
Tidal salt marshes are ecologically and economically important coastal wetland
ecosystems (Adam 1990). Along with directly supporting commercially valuable
products (e.g. oysters, salt hay), tidal marshes provide a range of ecosystem services
including nutrient cycling, fish and shellfish nursery habitat, shoreline erosion protection,
and water quality improvement (Fitch et al. 2009). Tidal salt marshes support an
assemblage of terrestrial and marine species adapted to the variable (e.g., daily
inundation) and physically challenging (e.g., broad salinity gradients) environment
(Greenberg & Maldonado 2006c). One such species is the seaside sparrow
(Ammodramus maritimus), globally only one of five terrestrial vertebrate species to be
restricted entirely to coastal wetlands (Greenberg & Maldonado 2006c).
Seaside sparrows are an obligate coastal marsh species, found in salt and brackish
marshes along the U.S. Atlantic Coast from southern Maine to northeast Florida, and
along the Gulf Coast from central Florida to Texas (Post & Greenlaw 2009). Primary
sparrow habitat consists of cordgrasses (Spartina spp.), true rushes (Juncus spp.), and
bulrushes (Scirpus spp.). Seaside sparrows hold the potential to be good “indicator
species” of marsh health; typically present in greater abundances in coastal and brackish
marshes with greater ecological integrity (Rising 2005, Post & Greenlaw 2009).
At present, only one species (the seaside sparrow) is recognized (AOU 1957,
Robbins 1983), although several morphologically distinct subspecies exist. Of these
subspecies, the Dusky Seaside Sparrow (A. m. nigrescens), and the Smyrna Seaside
Sparrow (A. m. pelonota) are extinct, while the Cape Sable Seaside Sparrow (A. m.
mirabilis) is endangered. Two subspecies are found along the Atlantic coast; the
1	
  	
  
	
  

Northern Seaside Sparrow (A. m. maritimus) which breeds from southern Maine and New
Hampshire south to Virginia, and the non-migratory MacGillivray’s Seaside Sparrow (A.
m. macgillivraii), found year round from North Carolina to extreme northeastern Florida
(Robbins 1983).
Atlantic and Gulf Coast seaside sparrows differ in both appearance and genetics
(Avise & Nelson 1989, Woltmann et al. 2014). Atlantic coast birds appear mostly
grayish and Gulf Coast birds appear buffy-brown, bright ochraceous, or with faint
yellowish-buff overtones (Rising 2005). A few subspecies exhibit limited dispersal
among populations because of isolation and fragmentation of neighboring marsh ecotones
(Werner & Woolfenden 1983). The sedentary nature of these subspecies is an important
trait, and has contributed to the degree of genetic diversity exhibited in seaside sparrows
today. To preserve existing genetic diversity, population ranges must be identified, and
currently occupied habitats protected.
Seaside sparrows breed from April to August and both parents contribute to the
feeding of their young. Females build cup-shaped nests in the territories of male partners,
woven from marsh grasses, and both adults contribute to the feeding of nestlings. Clutch
size varies from 2 – 5 eggs, increasing with latitude, with northeastern salt marsh
populations averaging 4 eggs, and more southerly saltmarsh groups having a modal
clutch of 3 (Post & Greenlaw 2009). Incubation is done solely by females and lasts for
11-14 days. Though males do not aid in incubation or the brooding of hatched chicks,
they do begin to feed chicks at 3-5 days after hatch. On average initiation to fledging of
last chick takes 28.7 days (Marshall & Reinert 1990).
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Densities vary between Atlantic and Gulf Coast populations that range from 0.3 to
20.0 males/ha in New York marshes (Post 1974, Post et al. 1983), to 10-16 pairs/ha in
South Carolina marshes (Post 1970) compared to 3.0 pairs/ha in Gulf Coast Florida
(McNair et al. 2001). Within regions and across adjacent marshes, nest site selection,
territory size, commuting distance, and feeding behavior also can differ greatly as a result
of human alteration of marsh habitats. Structural marsh management (Post 1974, Gabrey
et al 2001, Shriver et al. 2004, Mitchell et al. 2006), shoreline development, prescribed
burning (McNair et al. 2001), and open-water marsh management (Pepper & Shriver
2010) all have been shown to affect breeding success, adult behavior, and distributions by
modifying marsh system health and function.
Conservation and management of seaside sparrows may become a concern for
habitat managers should populations decline. Currently, management issues only are
addressed for threatened populations of the Cape Sable Seaside Sparrow. Despite
evidence that other subspecies’ populations are stable and healthy, assessing the status of
many populations remains difficult given their life histories. For instance,
MacGillivray’s Seaside Sparrow has the most restricted distribution of any breeding
sparrow in South Carolina (Cely 2003). The restricted geographic range of A. m.
macgillivraii and difficulty in accessing South Carolina’s expansive tidal marshes means
monitoring efforts like those of the North American Breeding Bird Survey (BBS) likely
fall short of accurately evaluating the distribution of breeding populations within the
state. The lack of available data poses a conservation concern, as populations cannot be
evaluated for protection if distributions are not identified.

3	
  	
  
	
  

All 7 extant subspecies are grouped as a species of conservation concern under
the BCC 2008 List (USFWS 2008), with MacGillivray’s Seaside Sparrow holding the
same status under South Carolina’s State Wildlife Action Plan (SWAP) (SCDNR 2015).
Additionally, MacGillivray’s Seaside Sparrow is identified as a high priority landbird by
SC Partners in Flight (PIF) and South Atlantic Migratory Bird Initiative (SAMBI). A. m.
macgillivraii currently is being considered by the USFWS for protection under the
Endangered Species Act given the limited knowledge of the subspecies’ population size,
distribution, and potential vulnerabilities to habitat loss and degradation (16 U.S.C. 1531
et. sq.).
Thesis Objectives
The primary objective of my thesis was to provide basic information on the
demographics, nesting, habitat preferences, and incubation behaviors of MacGillivray’s
Seaside Sparrow at Tom Yawkey Wildlife Center in Georgetown, South Carolina.
Additionally, I sought to determine if habitat variables can be used to predict seaside
sparrow occupancy in South Carolina.
Chapter 1: Demography
The primary objective was to conduct a demographic and nesting study by
measuring densities, breeding success, nesting preferences, and predator presence across
differing marsh habitats. This objective will seek to determine which habitat variables
and nesting metrics have the greatest influence on predicting breeding success.
Additionally, comparisons will be made across plots, and on the individual nest level, to
determine how differences in densities, vegetation composition, predator presence, and
song output affect adult breeding behavior and nest success. The results of these
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comparisons will place emphasis on predictor variables that are most important in
predicting breeding success, allowing conservation biologists and habitat managers to
focus resources on habitats that may harbor larger, and more successful populations of
seaside sparrows.
Chapter 2: Incubation Behavior
The secondary objective of my thesis was to determine if incubation activity
differed across marsh habitats or between individuals, and to determine how incubation
behavior influenced nest success by monitoring nests with temperature data-logging
devices. These devices were also used to better understand nest failure events, chick
fledging behavior, and how adult incubation behavior interacted with abiotic factors to
influence nest fate.
Chapter 3: Habitat Variable Analysis
The final objective of my thesis was to analyze two years’ worth of documented
statewide breeding seaside sparrow occupancy data collected through breeding season
surveys. Land cover type, wetland type, elevation, distance to upland edge, and
vegetation community composition were analyzed for each survey point to provide
information on habitat suitability in an effort to link breeding sparrow occupancy to
habitat variables.
LITERATURE CITED
Adam, P. 1990. Saltmarsh Ecology. Cambridge (United Kingdom): Cambridge
University Press.
American Ornithologists’ Union [AOU] (1957) Check-list of North American Birds, fifth
edition. Lord Baltimore Press, Baltimore.
Avise, J., C., and W. S. Nelson. 1989. Molecular Genetic Relationships of the Extinct
Dusky Seaside Sparrow. Science 243: 646-648.
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Chapter 1: Macgillivray’s Seaside Sparrow (Ammodramus maritimus macgillivraii)
Breeding Biology & Population Density at Tom Yawkey Wildlife Center

INTRODUCTION
Seaside sparrows are restricted almost entirely to salt marshes, and have adapted
to survive in a challenging ecosystem that experiences dramatic fluctuations in water
level, high salinities, and hot temperatures (Greenberg et al. 2006b). In healthy,
undisturbed marshes, these adaptations enable seaside sparrows to exploit an abundance
of resources so that survival and breeding success are not limited by suitable nesting
substrate or food availability (Post 1974, Post & Greenlaw 2006). Rather, breeding
success and survival are predominantly limited by tidal flooding (Post 1974), predation
(Post 1981), and extreme weather events (Stouffer et al. 2013). Though natural forces
directly contribute to nest success and to adult survival, individuals influence nest fate
indirectly through fitness-related reproductive investment and nesting behaviors, which
guide nest fate on a spatial and temporal level. Understanding how natural forces and
individual nesting behavior interact to influence demographics will involve forming a
picture of how nest success, densities, and nesting preferences vary across the differently
managed marshes found at Tom Yawkey Wildlife Center.
A major influence on the breeding success and behavior of seaside sparrows is
nest loss to flood tides (Shriver et al. 2007). In regions with high tidal amplitudes,
seaside sparrows have adapted by nesting in mid to high marsh locations and in taller
vegetation, with nests elevated 14 – 28 cm above the substrate (Gjerdrum et al. 2005,
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Post & Greenlaw 2009). Seaside sparrows also travel up into estuaries of higher
elevation in order to breed and avoid extreme tidal flooding in Southeastern sites (Post &
Gauthreaux 1989).
Another major influence on seaside sparrow breeding success and behavior is nest
predation. In areas with greater predation pressure as in the Southeast and Gulf Coasts
(Greenberg et al. 2006a), seaside sparrows display nesting behaviors and habitat
distribution patterns linked to the presence of major nest predators such as the marsh rice
rat Oryzomys palustris (Post 1981). Nest success is affected by predation patterns, which
may vary in intensity with habitat, as seen in Gulf Hammock, Florida, where nests placed
in saltgrass faced higher Fish Crow (Corvus ossifragus) predation rates compared to nests
placed in black needlerush (Post 1981). Seaside sparrows respond to increased predation
rates with decreased clutch sizes (Greenberg et al. 2006a), and lower, more covered nests.
Nesting in lower, more concealing vegetation, however, may make nests more vulnerable
to flooding. Predation by raccoon (Procyon lotor) and Marsh Wren (Cistothorus
palustris) also contributes to nest loss (Post 1981).

Trade-offs between risks of nest loss

from flooding and predation is the reality that most marsh sparrows face, and is a major
factor in nest site selection (Greenberg et al. 2006a).
Though flooding and predation are the main contributors to breeding success,
extreme weather events, which alter food availability and suitable nesting substrate,
influence seaside sparrow survival and distribution by altering densities, causing
displacement, and increasing mortality. Hurricanes are suspected, in part, to contribute to
the diversity of seaside sparrow subspecies by isolating populations and controlling the
connectivity of marsh systems along the coast (Stouffer et al. 2013). The availability of
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suitable nesting substrate influences distributions, with marsh area being a better
predictor of sparrow density than percent vegetation or coverage type (Benoit & Askins
2002).
Reproductive investment contributes to adult survival, and to the survival of
offspring, as the costs of defending territories, maintaining incubation constancy
(Conway & Martin 2000), multiple breeding attempts, and retrieving food reduce adult
fitness and physical condition. By increasing energy expenditure and the risk of
predation, these breeding behaviors can lead to increased growth rates and survival of
young (Post & Greenlaw 1982). Reproductive investment varies among individuals, by
age and experience, and can be measured by monitoring delivery rates to nests, distances
flown in getting food, and growth rates of young (Post & Greenlaw 1982).
Timing of nest initiation can impact survival positively and negatively, and may
influence nest success more than nest-site selection (Gjerdrum et al. 2005). Nest survival
varies depending on the time of season, as late-season nesters face increased rates of
predation compared to early-season nesters due to a spike in predator activity (Conway &
Martin 2000). Nest survival is influenced by nesting stage, as adults offer predators more
cues to a nest’s presence during the nestling stage when birds increase food delivery rates
to the nest (Post & Greenlaw 1982). Adaptive reproductive strategies like nest
synchronization after floods can, however, enhance nest survival as the nest cycle reaches
completion prior to the next spring tidal inundation (Marshall & Reinert 1990).
Nest survival also may be influenced by the spatial behaviors seaside sparrows
display in response to habitat quality. Seaside sparrow density and abundance vary
depending on ditch density (Marshall & Reinert 1990), predator density (Post et al.
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1983), elevation (Lehmicke 2014), prescribed burn frequency (Kern et al. 2012), and
across marshes of similar habitat type (Gjerdrum et al. 2008). Though the space-related
behavior and density of seaside sparrows may differ with habitat type, this does not
always translate into differences in breeding success (Post 1974).
One method of assessing factors that influence nest survival and the density of
breeding adults is to monitor song output to observe how breeding seaside sparrow song
is influenced by habitat type, flooding, and predation pressure. Song counts are a useful
tool to determine if song output changes as a breeding season progresses, which may be
linked to predator activity or flooding from spring tides. Though song counts may not
accurately represent the relative abundance of birds present or the breeding success of an
area, these data can provide important clues as to the quality of a habitat and habitat
suitability when coupled with other demographic data.
While examining demography, it is important to investigate the many
environmental and biological factors that contribute to the health and success of a
population. Measuring one facet of demography alone, such as density, cannot reflect the
quality of the associated habitat for a breeding population (Lehmicke 2014). For
instance, dominant adults may push younger and inexperienced individuals into sub-par
habitats, and high-density areas may act as population sinks due to breeding success
being stunted by high levels of predation. Alternatively, the behavior of individuals may
also influence the success of a population. Seaside sparrows nesting in higher densities
than that of more isolated nesters may be more successful at avoiding predation by being
alerted to the presence of predators by vocalizing neighbors. However, Post (1974) and

11	
  
	
  
	
  

Lehmicke (2014) have shown that the relationship between nesting density and nest
survival may differ between and within marshes.
The Tom Yawkey Wildlife Center located next to Georgetown, South Carolina,
provides an optimal site for studying how environmental and biological components
interact to influence seaside sparrow demographics. Tom Yawkey possesses a variable
assemblage of marsh habitats that have seen substantial marsh alteration, one of the
highest breeding densities for seaside sparrows in South Carolina, and a historical record
of seaside sparrow presence. In the face of climate change, rising sea levels, and
increased marsh development, it is worthwhile to gather baseline data for Tom Yawkey’s
population, to understand how these threats may affect seaside sparrow success, but also
so that proactive management and conservation solutions can be tested here in the years
to come.
METHODS
Study Site
I conducted my intensive demographic study in the marshes of Cat and South
Islands located on the Tom Yawkey Wildlife Center Heritage Preserve, in Georgetown
County, South Carolina. The Tom Yawkey Wildlife Center is composed of about 8,030
hectares of marsh, managed wetlands, ocean beach, longleaf pine forest and maritime
forest. The preserve is protected and largely undeveloped, functioning principally as a
wildlife preserve, research area, and waterfowl refuge. Tidal marsh areas of the preserve
are predominantly polyhaline (salinity 18-30 ppt; Cowardin 1979), and are dominated by
smooth cordgrass (S. alterniflora) and black needlerush (J. roemerianus).
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Plot Selection
The marshes at Tom Yawkey Center were chosen for my demographic study as
they exhibited relatively high densities of breeding MacGillivray’s Seaside Sparrow (A.
m. macgillivraii) during surveys conducted in 2014 and 2015 along the coast of South
Carolina (Hill & Laskaris 2015). Compared to other 2014 survey sites, the Tom Yawkey
Center exhibited high occupancy rates, with seaside sparrows detected at 11 of 13 survey
points, but also high abundances, with ≥ 2 sparrows observed singing at 42% of survey
points during peak breeding in late May. Prior to plot selection, I used the 2014 survey
data, along with aerial photography, National Wetland Inventory maps (USFWS 2011)
and ground-truthing to establish 6 study plots in areas I determined to be suitable nesting
habitat. I also guided plot selection by selecting plots representative of the variety of
marsh habitats where seaside sparrow are likely to breed, incorporating marsh habitats
with differing vegetation assemblages, vegetation heights, and flooding regimes. I did
this using aerial photography, which helped me to differentiate smooth cordgrassdominated low marsh from black needlerush and seashore saltgrass (Distichlis spicata)dominated high marsh (Bertness 1991, Higenbotham et al. 2004). After the first couple
weeks of my field season, the 6 plots originally chosen were narrowed down to 3 plots
due to low sparrow densities and difficulties maneuvering the marsh terrain.
My three study plots: Causeway, Miller Canal, and Twin Sisters Pond (Figure 1)
were each approximately 7 hectares in size. Plot size was chosen to be 7 hectares to be
large enough to find a sufficient number of nests in the event that sparrow densities were
low, but small enough to be thoroughly covered during nest monitoring. Causeway is
mainly comprised of thick stands of black needlerush. A causeway built on the southern
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edge of this plot inhibits tidal flow, which occasionally leads to waterlogging, or standing
water that persisted after tides had receded and after rain events. Miller Canal is
comprised of short-form smooth cordgrass with interspersed large stands of black
needlerush. Miller Canal is situated in a regularly flooded marsh with unrestricted tidal
flow and large, deep creeks. Twin Sisters Pond is situated in a non-tidal, 100-hectare
impoundment with a few-to-several centimeters of standing water, and is comprised of a
mixture of tall and short-form smooth cordgrass, saltgrass and small stands of black
needlerush.
Field Methods
From early May to mid-July of 2015, I intensively searched for nests in each plot.
Nests were found primarily by searching for adults holding food in their bills and adults
returning to a patch of vegetation repeatedly, but I occasionally found nests by
accidentally flushing an incubating female. Each plot was searched for nests every 3-4
days, during the mid-morning hours, from approximately 0900 hours to 1200 hours. I
searched for nests by zigzagging across plots, leaving ~5-10 m between each path,
watching for flushing birds, and searching for nests under construction early in the season
(Marshall & Reinert 1990), and switched my efforts to watching for repeated flushes
from the same point of origin, and watching for birds carrying food back to nesting spots
as the nesting season progressed (Meiman et al. 2012). Once a nest was located, it was
marked by taking a GPS point directly over the nest and was also marked with 2 pieces of
neon flagging tape placed roughly 3-5 meters away, such that the nest fell directly
between markers. I checked nests every 3-4 days, recording nest contents and status
during each check. This included the number of eggs, number of chicks, egg warmth,
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whether nest bowl was wet or not, approximate age of chicks, and whether a female was
seen flushing as nest was approached. Nests under construction were not visited until at
least 5 days after discovery to prevent disturbance that might have led to abandonment.
I monitored nests until either chicks fledged, or the nest was no longer active (e.g.
a nest had failed or been abandoned). However, two nests, one with 3 chicks at 6 days
old, and one with 2 chicks at 2 days old remained active when monitoring ended, and the
fates for these nests were not determined. In active nests, chicks were monitored up until
fledge date (when chicks reached ~9 days old). If a nest failed or was abandoned, I
attempted to determine the cause of nest failure by looking for signs of predation (tracks,
scat, nest damage, egg punctures, eggshells fragments, dead nestlings) or for signs of
flooding (wet nest bowl, drowned chicks or eggs that floated out of the nest). If a nest
retained all its eggs but had no evidence of adult activity it was considered abandoned.
After nests fledged or failed, I attempted to find renests by the same pair by looking for
color banded birds and searching for new nests in proximity to previously failed nests.
To identify nesting pairs and their territories, estimate nesting densities and adult
sex-ratios (ASRs), and count the number of re-nesting attempts I captured sparrows in
mist nets and banded them. Plot densities were measured using the Lincoln-Petersen
Mark-Recapture Index. To ensure that banding effort was distributed evenly across all
plots, I divided each plot into 4 subplots, and mist-netted each subplot twice over the
course of the field season on a rotational schedule, which allowed for each plot to be
mist-netted 8 times. Banding occurred during the early morning hours from sunrise to
0900-1000 hours. Captured birds were fitted with a USFWS aluminum leg band and
three plastic color bands to facilitate identification of individuals by sight and to match
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banded birds to nests. Breeding male and female sparrows were sexed by presence of a
brood patch or cloacal protuberance (Post 1974). Chicks at 6-7 days old were also
banded, receiving one USFWS aluminum leg band on the lower right leg and one yellow
color band on the left. Banded birds had their culmen, wing chord, weight, and tarsus
measured, and were subsequently released. Measurements obtained during banding were
used to analyze morphometrics and possible plot level differences in size that may
contribute to adult fitness.
Upon finding a nest, I measured nest height (distance from cup lip to ground,
distance from cup bottom to ground), nest canopy (none, partial, complete), nest cover
(exposed above or placed beneath thatch), thatch depth, and percent visibility from above
using the Saltmarsh Habitat & Avian Research Program’s protocol for taking nest
measurements (SHARP 2015). I determined mean nesting spacing by measuring the
proximity of nests to the nearest active nest using ArcGIS on 20 May when the peak
number of active nests were present, and used the same criteria to measure nest densities
across the area of available nesting habitat. I also measured another feature of nesting
dubbed “clumping”, measured as the proximity of nests to saltgrass using ArcGIS, as I
observed a possible trend of nest placement near this species.
Within one week of a nest being complete (failed or fledged), I took additional
vegetation measurements at the nest and at a paired random point within the same plot. I
sampled vegetation at a minimum of 20 random vegetation points in each plot. Random
points were generated using ArcGIS 10.2, and were placed at least 15 m apart. If a
random point was completely in open water or in a non-vegetated mud panne, I adjusted
the location to the nearest vegetated area to ensure that the point sampled would represent
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a potential nest site. Within a 1-m2 plot centered over the nest or random point, I visually
estimated the average plant height and also measured tallest plant height and tallest plant
species at the midpoint of each side and at the plot center. I also measured thatch depth,
if present. Lastly, I measured the percent cover of vegetation in each plot under 5
categories: % S. alterniflora, % J. roemerianus, % D. spicata, % open water, or % bare
ground (mud).
To monitor song output through the breeding season, I conducted weekly counts
of singing male seaside sparrows in conjunction with statewide sparrow surveys
(Laskaris & Hill, unpublished). I established song count stations in each plot. At each
station, I counted how many songs were audible over 5 minutes, once weekly for eight
consecutive weeks between 12 May and 1 July 2015. Songs were tallied between sunrise
and 11:00 am, consistent with the time and durations used in statewide surveys.
I measured the relative abundances of marsh rice rats (Oryzomus palustris) at
each plot using a modified USFWS protocol for rice rat mark-recapture in Florida
(Hobgood 2005). Half of each plot (3.5 ha) was set with 32 evenly spaced Sherman
small mammal traps (~20 m away from one another within the plot and ~40 m apart for
traps set along the plot perimeter). Each trap was baited with ~30 mL of rolled oats. I set
288 Sherman traps from late-May to late-June, during three trapping windows that were
approximately 2 weeks apart. Caught rats were identified to species (all of which were
Oryzomus palustris), and had the toenails of their hind feet marked with nail polish to
identify previously trapped individuals.
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Analysis & Statistical Methods
I performed 2 ANOVAs, one for males and one for females, to determine if
significant differences in the 4 body measurements existed among each sex between
plots. Using the 1-m2 vegetation cover measurements for nests and random sites, I used
an ANOVA to test if there were any differences in vegetation cover and vegetation
heights between nest sites and random sites. This analysis was performed to determine if
nest site characteristics differed from random site characteristics within and between
plots (e.g. if seaside sparrows preferred nest site over random site characteristics for nest
site selection). A Pearson’s r correlation was used to determine the relationship between
mean nest height and vegetation height. A Chi-square test was performed to test for
differences in rice rat capture rate between vegetation types, trapping window, and plot. I
performed my statistical analyses in IBM SPSS Statistics Version 22.0. Means are
presented with standard error unless stated otherwise.
I estimated nest survival for two sets of nests: 1) all nests that were observed as
active more than once (n = 30), and 2) a subset of those nests for which I monitored
temperature and incubation behavior (n = 15) (See Chapter 1B). I used the Mayfield
estimator (Mayfield 1975) to estimate daily survival rate (DSR = (exposure days – failed
nests) ÷ exposure days), and then used McEstimate, which utilizes a Markov Chain nestfailure model (Etterson et al. 2007). Using McEstimate’s binomial (success/fail) model
for nest survival allowed me to model explanatory variables that could influence nest
survival. These explanatory variables were either constant during the nesting attempt
(e.g. nest height, % veg cover) or varied between nest check intervals (e.g. nest age,
date). Due to my small sample of nests relative to the number of explanatory variables, I
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used AIC corrected for small sample size (AICc) for model selection. I used ΔAICc to
evaluate and rank the models, looking at models with ΔAICc < 2 to develop a best model
for daily survival.
RESULTS
Across the field season 36 nests were identified, of which 2 were found at
Causeway, 7 at Miller Canal, and 27 at Twin Sisters Pond. The mean age of nests,
measured from the laying of 1st egg, at time of discovery for 32 nests of known age was
13 days old. A summary of nest fates can be seen in Table 1. Of 10 nests that failed
from depredation, 3 were found depredated upon discovery. Of the 8 nests with unknown
failure, 2 are suspected of having been depredated based on the timing of nest failure
recorded by nest temperature data-loggers. No nests displayed signs of failure due to
flooding or abandonment.
Productivity was 1.2 chicks fledged/nest, and 40 fledglings were produced from
16 successful nests. Mean clutch size was 2.8 ± 0.9, range 1 – 4, n = 36, while the mean
clutch size for nests with completed clutches was 3.0 ± 0.6 and the average number of
nestlings fledged per successful nest was 2.5 ± 0.8. Six eggs failed to hatch out of the 65
total eggs in nests that hatched (for a failure rate of 9.2%), with 54 eggs lost due to
predation or unknown causes.
I compared 4 measures of seaside sparrow abundance across my three plots: the
number of nests found, number of birds banded, birds re-sighted, and densities per
hectare for each plot determined using the Lincoln-Petersen Mark-Recapture Index
(Figure 2). I banded 183 individuals and had 29 re-sights, with the lowest density plot
(Causeway) possessing an estimated 5 birds/ha compared to the highest density plot
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(Twin Sisters), which had roughly 13 times more birds, with an estimated 68 birds/ha.
Despite extensive banding efforts, I was only able to assign 3 color-banded individuals to
2 nests. As so few color-banded adults were matched to nests, it was difficult to
determine what percentage of nests were re-nest attempts.
For each measure of abundance in all plots, Causeway held the lowest numbers,
Miller Canal was intermediate, and Twin Sisters held the greatest numbers. It was
difficult to delineate territories, but 28 of 29 birds were re-sighted in the subplot they
were caught, so I do not believe that activity spaces extended much further than 1.7 ha.
In Twin sisters, where measures of abundance were highest for all 4 measures, active
nests were built a mean distance of 25 m (SD 11, range 13 – 55, n = 16) from one
another, with nest densities of 3.3 nests/ha. Nests found at Twin Sisters were placed at a
mean distance of 13 m (SD 12, range 0 –33.6, n = 27) from saltgrass stands.
Nest sites had on average 15.8% more saltgrass (F1, 102 = 19.67, p < 0.001) and
24% less black needlerush cover (F1, 102 = 8.312, p < 0.005) than random vegetation plots
(Table 2). There were no significant differences between nest sites and random sites for
mean plant height, mean tallest plant height, percent cover of smooth cordgrass, open
water, or bare ground/mud. Although thatch height was measured and recorded when it
occurred (which was restricted to random sites), no nests were ever found in areas where
black needlerush thatch was present.
At the individual nest level, 97% of nests were exposed (excluding 1 nest placed
beneath a tuft of saltgrass) and 81% of nests had a partial or complete nest canopy upon
discovery. Average percent visibility was 42% ± 25, (range 10-80). All nests were built
on 3 grass species: 22 in >50% smooth cordgrass, 4 in >50% black needlerush, 3 in
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>50% saltgrass, and the remaining 6 built in evenly mixed smooth cordgrass-saltgrass (5)
and smooth cordgrass-black needlerush (1). Mean nest cup height was 8.4 cm (SD 1.5,
range 5 – 12), with mean lengths of 7.4 cm at Miller Canal, 8.5 cm at Twin Sisters, and
10 cm at Causeway.
Nest heights were highly correlated with mean vegetation height (r = 0.958, n = 3,
p = .187) at each plot, though heights varied substantially among plots. This pattern was
positively correlated to the dominant vegetation type in each plot. Mean nest height
across all plots was 31.3 ± 1.4 cm, range 17.5 – 42. Mean nest height was 42.0 cm at
Causeway, 21.6 cm at Miller Canal, and 33.1cm at Twin Sisters (Figure 3). The two
nests at Causeway were the tallest at 42 cm each, nest heights at Twin Sisters were
moderate in height, but varied considerably, while nests at Miller Canal were built at the
lowest heights, and were also fairly uniform in height. An ANOVA performed to
determine if nest height and nest fate were related showed that nests that failed were on
average 5.3 cm lower than nests which succeeded, though this difference was not
significant (F1, 32 = 3.401, p < 0.074).
Across all plots, 84 adult males, 54 adult females, and 45 chicks and fledglings
were caught. Males made up 61% (range 56 –71%) of all adults caught. Within plots,
the male to female ASR ranged from 2.5:1 at Causeway to 1.3:1 at Miller Canal and 1.5:1
at Twin Sisters. For chicks, 11 were banded at Causeway and Miller Canal, and 22 were
banded at Twin Sisters. 62% of chicks or fledglings caught were banded in the nest or
subsequently recaptured in mist-nets after fledging, and 38% were caught out of the nest,
and were not associated with a known nest.
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Of 84 breeding males caught, mean culmen length (mm) was 11.05 ± 0.04, mean
wing chord (mm) was 60.35 ± 0.18, mean tarsus length (mm) was 25.10 ± 0.06, and
mean weight (g) was 21.73 ± 0.12. The ANOVA by plot for males shows that there were
significant differences in male morphology between plots. Males caught at Causeway
had a significantly larger mean culmen size (F2, 81 =3.845, p = 0.025) and weighed more
(F2, 81 = 4.040, p = 0.021) compared to males from Miller Canal and Twin Sisters (Figures
4, 5). A post hoc Tukey’s-b test (α = 0.05) showed that males at Causeway differed in
weight significantly from males at Miller Canal and Twin Sisters, and culmen lengths
significantly differing between Causeway and Twin Sisters, but not between Causeway
and Miller Canal, or Miller Canal and Twin Sisters. There were no significant
differences in tarsus length or wing chord.
Of 54 breeding females caught, mean culmen length (mm) was 10.94 ± 0.05,
mean wing chord (mm) was 56.56 ± 0.16, mean tarsus length (mm) was 24.64 ± 0.05,
and mean weight (g) was 20.13 ± 0.18. The ANOVA by plot for females (Figure 6)
shows that there was a significant difference in female morphology between plots for
wing chord length, while the remaining 3 measures were not significantly different.
Females caught at Causeway had significantly smaller wing chord lengths (F2, 51 = 5.599,
p = 0.006) than females caught at Miller Canal and Twin Sisters. A post hoc Tukey’s-b
test (α = 0.05) showed that females at Causeway differed in wing chord significantly
from females at Miller Canal and Twin Sisters.
Seaside sparrows were present and singing during every visit through the first
week of July (Figure 7). Song rate fluctuated from plot to plot and from week to week,
but there was no sign of a systematic decline in singing rate as the season progressed.
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Song rates averaged at 66% of maximum song output, and did not drop below 19% of
maximum song output. There was a similar trend for seaside sparrow songs measured
across all plots, with song counts reaching a maximum in early to mid-May and in early
to mid-June.
I obtained a mean rate of trapping success for marsh rice rats of 7.3% for all three
rounds (Table 3). There were no significant differences in trapping success between
plots, with catch rates ranging from 6.3% at Causeway and Twin Sisters to 9.4% at Miller
Canal (χ2 (2, n = 288) = 0.925, p < 0.630). Additionally, there was no significant
difference in trapping success between vegetation types (χ2 (2, n = 288) = 0.866, p <
0.352). Of 165 traps set in smooth cordgrass-saltgrass, 10 or 6.1% caught rats, and of
123 traps set in black needlerush, 11 or 8.9% caught rats. Capture rate did differ by
round (χ2 (2, n = 288) = 11.095, p = 0.004), though only between rounds 2 and 3.
Unfortunately of all march rice rats captured and marked, I had no recaptures and was
unable to estimate densities within each plot.
I compared survival from number of eggs found to number of chicks hatched and
fledged to one another, and found that the number of chicks fledged was around ~40% of
the total number of eggs found (Figure 8). This comparison was made to include nests
that were excluded from the daily nest survival models for being observed only once. I
estimated Mayfield daily nest survival for all nests observed as active more than once
(n=30) to be 91.9%. Using the McEstimate nest survival model that incorporated
explanatory variables of nest survival (Etterson et al. 2007), I measured the daily survival
for all nests as 93.1% (+/- 0.06). Figure 9 displays the extrapolated daily survival
probabilities for nests over differing lengths of the nesting cycle, as well as the number of
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nests found at each day in the nesting cycle. The difference between the number of
chicks fledged (40% of total eggs found) and the overall nest survival of ~25% was due
to the difficulty of finding nests, and because I was more likely to find nests later in the
nest cycle and miss nests that may have failed early in the nesting cycle. The model that
best explained nest survival or failure was the Model: fail (Height + Age + Height*Age)
(Table 4). This model indicated that nest height, nest age, and the nest height*age
interaction were the most important parameters that explained nest fate.
DISCUSSION
The main findings from the demographic study were: 1) daily nest survival was
93.1%, 2) nest height and nest age best explained nest survival, 3) seaside sparrows
preferred to forage and build nests in plots dominated by smooth cordgrass and saltgrass
over black needlerush, with nests clustered in patches of suitable habitat, 4) nests were
built at lower heights compared to nests of seaside sparrows in Georgia and Florida, and
5) the most frequent cause of nest failure was predation by marsh rice rats.
Daily nest mortality in this study, at 6.9%, was lower than daily nest mortality
rates found in Georgia at 16% (E. Hunter pers. comm.) and in Florida at 19.4% (A.
Schwarzer pers. comm.), but higher than nest mortality rates in New York at 3.3% (Post
& Greenlaw 1982), consistent with a pattern of increasing nest mortality with decreasing
latitude, which is offset by higher adult annual survival at lower latitudes (Post et al.
1983). I attribute these differences among regions to predation, as predation is the
limiting factor on nest success in the Southeast (Post & Greenlaw 2009). However,
difficulties with finding nests early in the nesting cycle and the finding of nests
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depredated upon discovery, suggests that daily nest mortality may have been higher in
actuality.	
  	
  
At Tom Yawkey, breeding pairs were dispersed unevenly, with densities and
territory size changing with habitat type. Territory size was difficult to measure, but
based on re-sights, I estimated foraging activity spaces to be ≤1.7 ha, which was at the
upper range for territory measures observed by Post (1974). However, this estimate is
representative of the foraging activity space and not the much smaller, singing or
defended activity spaces. In plots that possessed high quality microhabitats with suitable
elevation and preferred nesting vegetation, as was the case with about 70% of Twin
Sisters, breeding adults appeared to cluster their nests in patches of suitable habitat. In
plots where suitable nesting habitat was patchy, composed of less desirable vegetation,
and possibly of lower elevation, as was the case with Causeway and to a lesser extent,
Miller Canal, breeding adults placed nests 2-3 times farther apart than at Twin Sisters.
The clustering of breeding adults around suitable microhabitats like saltgrass patches has
been observed in populations of seaside sparrow at northern sites and southern sites alike
and has been showed to vary with degree of marsh alteration (Post 1974, Post et al. 1983,
Marshall & Reinert 1990). However, studies of the related saltmarsh sparrow have found
no patterns between nest aggregation and spatial structure of vegetation (Bayard &
Elphick 2010).
Banding and mark-recapture efforts were split evenly across all three plots, but it
was easier to identify banded birds and find nests in plots dominated by smooth cordgrass
than in plots dominated by black needlerush, as the latter was taller, more dense, and
allowed seaside sparrows to hide more easily. Nonetheless, consistency among each of
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the four measures of abundance gives me confidence about the relative numbers of birds
present. Song levels, however, did not match up with other measures of abundance, as
song levels were similar in the highest and the lowest density plots. This may be due to
some interaction between male singing behavior and singing male densities (e.g., males
may increase their singing rate or countersinging behavior in the presence of two or more
singing males, in an effort to be better heard by potential mates) (McDonald 1983).
Additionally, the higher the density of singing males within a survey area, the more
difficult it was to count individual songs and to determine the number of singing males
present because an increase in countersinging could drown out other singing males from
being counted.
I speculate that the 1.6:1 male-biased sex ratio was due to males being more
active within plots compared to females, which spend more time incubating. The cause
of this male-skewed sex ratio may also be due to differences between the sexes in homerange size (Post & Greenlaw 1982; Shriver et al. 2010) or in the sex ratio of offspring
produced (Hill et al. 2013), though this relationship is not well known in seaside
sparrows. A more balanced sex ratio may have been observed had more rounds of
banding been conducted, as some studies have shown near equal ratios (Post et al. 1983),
however, a majority of passerine species exhibit male-skewing (Donald 2007), including
the closely related saltmarsh sparrow (Ammodramus caudacutus) (Greenlaw & Rising
1994, Gjerdrum et al. 2008).
Morphological differences observed in male weight and bill size among plots
were perplexing, but these differences could be related to intraspecific competition and
fitness-related activity patterns. Work conducted on salt marsh sparrows by Greenberg et
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al. (2012) suggests that males with larger bill sizes are capable of increased levels of
defense and feeding in larger territories, and more frequent singing for longer periods, as
they are able to more effectively dispel heat via a larger bill surface area, and thus can be
more energetically active. Perhaps heavier, larger billed males at Causeway ventured far
from home, and had larger territories than smaller males that stuck close to home, though
I was unable to link territory size to body weight or bill size in my study.
Peaks in song output were seen in early-mid May, and early-mid June, and are
presumably related to nesting stage (Post & Greenlaw 2009) when songs are highest
during pre-pairing and incubation. Other studies have also shown peaks in song output
after extreme high tides (Rehm & Baldassarre 2007; Shriver et al. 2007). However, as
seaside sparrows are known to be territorial throughout the breeding season (Wiest et al.
2015, Post & Greenlaw 2009), and plots surveyed were protected from most tidal
flooding, I saw no effect on song output after pairing, incubation, or spring tides centered
on 15 June 2015, with song output persisting on average at 45% of the maximum song
count.
Nest heights at all three plots were lower than nest heights found in adjacent
states, being on average 14.9 cm lower than nests found in FL, and 32.0 – 44.9 cm lower
than nests found in Georgia (A. Schwarzer pers. comm., E. Hunter pers. comm.). Nest
heights at Tom Yawkey more closely resembled mean nest heights of 27.7 cm found at
Gulf Hammock, Florida (Post et al. 1983) and 37 cm in Mississippi marshes (Lehmicke
2014), which suggests that my site exhibited similar nest and habitat characteristics to
Gulf Coast marshes compared to nest and habitat characteristics found in Georgia and
northeast Florida, which makes sense given the lower tidal regimes and higher black
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needlerush cover found in Gulf Coast marshes (Lehmicke 2014). I suspect that nest
heights were constrained to a certain height within all my plots due to lower vegetation
heights, as nest heights at Yawkey were highly correlated to vegetation height, and as
Post (1981) suggests, seaside sparrows attempt to place nests as high as possible in the
cover available, especially in needlerush-dominated marsh. This nest height restriction
was different from nests found in Georgia (E. Hunter pers. comm.), where the highest
nests were over 1-m above ground, presumably due to differences in vegetation height
and stem density.
Breeding adults preferred to nest in areas with less black needlerush, and in areas
with higher saltgrass cover. Sparrows did not nest in areas with black needlerush thatch,
presumably due to decreased maneuverability because of thatch thickness and limited
access for feeding on the marsh surface. There was preferential use of saltgrass, when
available, which matched findings of saltgrass utilization at Gulf Hammock, Florida (Post
et al. 1983). This preference for nest placement may be due to the desirability of
saltgrass as a nest cup building material. At the individual nest level, structural nest
characteristics were uniform from one nest to another, and though there were large ranges
in percent visibility, this measure was highly dependent on nesting stage, and older nests
were more exposed than recently built nests due to natural wear and decreased upkeep by
parents.
Though I did not measure vegetation thickness (density of stems at nest height) or
its effect on nest survival, studies by Lehmicke (2014) in Gulf Coast marshes and Post
(1981) in the southeast Atlantic found a positive relationship between stem density and
nest survival, where nest success was higher in black needlerush and saltgrass compared
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to sparsely vegetated pickleweed (Salicornia virginica), while Gjerdrum et al. (2005)
found the opposite effect in Northeast marshes. At Miller Canal, nests were constrained
to placement in low, thick clumps of smooth cordgrass and in short, sparsely clumped
needlerush stands compared to the dominant sparse cordgrass and tall, densely packed
needlerush stands. At Miller Canal, all nests were either placed at the interface between
vegetation types or at the edge of pools where cordgrass had seemingly greater stem
densities. As few of the nest site characteristics I measured were significantly different
from random points (i.e., % black needlerush & % saltgrass), perhaps vegetation
thickness and concealment from predators played a role in nest survival at Tom Yawkey
as well, especially in plots that had sharp contrasts between poor and good quality nesting
substrate.
Additionally, nests faced practically no flooding risk at Tom Yawkey because
most were placed in high marsh or in an impoundment, and could afford to be built at
lower heights. However, nest failure to ground predators was still a threat as height was
shown to best explain nest fate in both nest survival models. This result was opposite
that of nest failure pressures in Georgia, where nests built lower to the ground had a
higher probability of survival (E. Hunter pers. comm.), and nests built higher off the
ground exhibited higher predation pressure from avian predators. These differences show
that the risk of predation and flooding pressure can vary greatly from site to site, and
within regions. Despite these differences, nests face increased rates of predation in the
Southeast compared to Northeast, where failure due to flooding risk is most prevalent
(Greenberg et al. 2006a).
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The cause of nest failure was determined from nest temperature records and signs
of depredation, and evidence points to marsh rice rat predation. Predation pressure was
even across all plots, as marsh rice rat capture rate did not differ significantly across
plots, or across vegetation types. However, seaside sparrows are known to avoid nesting
in stands of black needlerush, where they are prone to higher predation by marsh rice rats
(Post et al. 1981). Interestingly, there was a drop in catch rate during the 2nd round of
trapping compared to the 1st and 3rd trapping rounds, and I attribute this difference to
lower marsh rice rat activity during higher tides which occurred during the 2nd round of
trapping. This suggests that tidal flooding may indirectly affect predation pressure by
temporarily reducing predator activity.
CONCLUSIONS
Results from this demographic study are based on a low sample of nests found
from 3 plots (and the majority of nests were in an impoundment). However, this data
represents an important baseline for nest success, densities, nesting preferences, and
predator presence at Tom Yawkey. Limitations made categorizing some facets of
demography difficult, especially when establishing territory sizes and associating banded
birds to nests. This study identified Twin Sisters Pond as an important breeding site with
relatively high nest success and large densities of MacGillivray’s Seaside Sparrow. This
data will be useful for wildlife managers going into the future, should management of
sites at Tom Yawkey continue unchanged or be altered for the management of other
species. Additionally, this demographic study will allow for regional comparisons to be
made across related populations on Gulf coast and Northeast marshes.
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Chapter 2: MacGillivray’s Seaside Sparrow Nest Attendance Behavior Analysis at
Tom Yawkey Wildlife Center

INTRODUCTION
Incubation is an essential component of avian parental care, and changes in
incubation behavior can affect offspring phenotype and fitness (Coe et al. 2015). For
consistent embryonic development to occur, egg temperatures need to be maintained
between a lower limit of optimal development (LLOD) of 36°C and an upper limit, the
upper lethal temperature (ULT) of ~40.5°C (Conway & Martin 2000b). Especially in
species that exhibit female-only incubation, parents must balance their own energetic
needs with the thermal needs of developing embryos (Conway & Martin 2000a). The
higher the incubation constancy (i.e., the ability to maintain a high and stable nest
thermal environment), the shorter the incubation period, which increases the likelihood
for survival and nest success (Ardia et al. 2006, Olson et al. 2006). In order to meet the
thermal needs of embryos, while maintaining parental condition, females modify their
nest attendance (i.e., frequency and duration of off-bouts) in relation to ambient
temperature and precipitation (Gjerdrum et al. 2008, Coe et al. 2015).
In general, females have the lowest frequency of off-bouts in warm, dry
conditions, and the highest frequency in cool or wet conditions. Females have shorter
off-bout durations during dry, hot, and wet, cool conditions, and longer off-bout durations
during wet and warm conditions (Coe et al. 2015). Though female incubation behavior is
primarily influenced by ambient temperature, precipitation, and the need to maintain a
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stable thermal environment, variation in parental behavior exists, and can vary over the
course of the nesting cycle (Murphy et al. 2015, Coe et al. 2015). Incubation behavior
can be influenced by female age (Yerkes 1998), time of day, inclement weather not tied
to precipitation, food availability (Murphy et al. 2015), female fat reserves (Conway et al.
2000b), and exposure to predators (Eggers et al. 2008).
Monitoring nest attendance behavior through nest temperature records can help
shed light on short-lived and sporadic events like nest flooding or predation. Nest
temperature records help link these rarely observed events to a female’s nest attendance
behavior and nest fate, which is very difficult to document in the field given the logistical
challenges of monitoring nests (Gjerdrum et al. 2008). Incorporating these events with
habitat or plot level differences in vegetation composition, ambient temperature, and
predation and flooding pressure can allow scientists to identify habitat characteristics that
provide the highest chance for nest survival, which in turn may enhance conservation
efforts.
The objective for this chapter was to investigate how nest fate may be influenced
by incubation behavior across plots and across individual nests. I was unable to find
enough nests across enough different plots to compare incubation behavior at the plot
level, so I focused solely on determining if observed variation in incubation behavior
observed at individual nests was related to nest fate.
METHODS
I monitored nest attendance and incubation behavior of nesting females using
Thermochron iButton temperature loggers placed in nests with full clutches or chicks to
determine if incubation behavior, as measured by frequency of off-bouts, duration of off36	
  
	
  
	
  

bouts, and nest temperature, had any influence on nest fate. iButton temperature loggers
measured temperature to 0.5°C at 4 minute intervals for ~5.7 days. I chose to measure
temperature at a 4-minute interval because I wanted a short enough interval to be able to
detect each time a bird left and returned to the nest.
I compared the three measures of incubation behavior to nest fate (successful
versus unsuccessful), analyzing nest attendance at two periods during the day (morning
and evening) when females were most active and their off-bouts and on-bouts were large
enough to be accurately distinguished as on- and off-bouts. I incorporated the three
incubation behavior variables into my initial nest survival model (Table 4) to determine
how incubation behavior influenced nest fate compared to nest height or nest age
variables that were the strongest influencers of nest fate in the initial nest survival model.
I also measured abiotic and biotic variables: ambient temperature at nest height, air
temperature, precipitation, tides, nest age, and several nest characteristics (both
vegetative and structural) to determine which, if any, influenced nest fate. The variables
that proved significant at influencing nest fate were then compared to my nest
temperature variables to determine which variable had the greatest magnitude of
influence on predicting nest fate.
I collected ambient temperature data for each plot, with an iButton placed in a
waterproof capsule at approximately the same height as actual nests (30 cm above
ground) and in similar vegetation to simulate the same nest shading effect and thermal
environment of a real nest. Ambient temperature iButtons collected temperature data in
15-minute intervals, for roughly 22 days, allowing plot temperature differences to be
compared to nest temperatures and to one another.
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I retrieved meteorological data including air temperature, precipitation and tide
stage from the Oyster Landing Station at North Inlet-Winyah Bay National Estuarine
Research Reserve. These data had been collected at 15-minute intervals, and were used
to back up ambient temperature data. Precipitation data was visually analyzed to
determine if and when rainfall caused females to alter off-bout duration or frequency.
Rainfall was analyzed by inspecting individual nest temperature records so that any
irregular drops in nest temperature could be attributed to a precipitation event rather than
predation or abandonment, for example. I gathered tidal stage data to determine if tidal
stage had any influence on nest fate (for example, flooding of nests).
After collecting nest temperature data and parsing out nest temperature data
related to abiotic factors like precipitation and tidal events, I visually inspected all nest
temperature records to note the timing of important biotic events like timing of chick
fledging, chicks returning to nests post-fledging, and predator encounters/nest predation.
Recognizing these events involved pairing nest age, chick age, physical clues (e.g.
confirmed empty nest, depredated eggs), with event timing so that unlikely nest fate
scenarios could be excluded. The timing of a nest fail/fledge event was then used to
guide inferences on cause of nest failure (e.g. using the timing of nest failure to determine
if predation was by a diurnal or nocturnal predator), or using the timing of nest fail/fledge
to identify trends for when chicks fledged from a nest.
STATISTICAL METHODS AND ANALYSIS
Statistical analyses were performed using IBM SPSS Statistics Version 22 (IBM Corp.
2013). McEstimate (Etterson et al. 2007) was used to model nest survival.

38	
  
	
  
	
  

Data Manipulation of Nest Temperature & Ambient Temperature
Each of the nest temperature iButtons collected data at 4-minute intervals,
although I could not adjust iButtons to initiate data collection at the same time.
Therefore, there were 4 patterns that were possible: one iButton might collect data at
6:00, 6:04, 6:08, 6:12 etc., while another might collect data at 6:01, 6:05, 6:09, 6:13, etc.,
and another at 6:02, 6:06, 6:10, 6:14, etc. All iButton timing was standardized by 1 to 3
minutes to conform all iButtons to the most frequent 4-minute sequence.
I measured the correlations between observed ambient temperature data between
my 3 plots (at similar times) using a Pearson correlation. This registered correlations
from 0.889 to 0.932 (Table 5), which indicated that all plots registered similar
temperatures predictive of each other. This observed linear relationship was high enough
to permit the imputation (or placement of predicted temperatures) during the relatively
few time blocks when my observed ambient temperatures were missing for a single plot.
For example, when a single plot was missing ambient temperature data for a particular
hour (15 4-minute intervals), the linear relationship between that plot and another plot
was used to “predict” or impute an adjusted temperature for that missing data. Less than
1% of observed ambient temperatures were adjusted in this fashion. The predicted or
adjusted ambient temperature was created so that I could create a continuous temperature
data series, and is hereafter referred to as “ambient temperature”.
Nest Temperature Analysis
After having normalized all iButton data and adjusting ambient temperature data,
I determined the date and time of nest failure or success by comparing nest temperature
to the ambient temperature. I then removed nest temperature data measured after a nest
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fail/fledge event. Lastly, I determined what portions of the day I could make a confident
determination of whether a female was actually making a trip on or off the nest. By
observing nest temperature data for each nest, I inferred how incubation behavior
changed throughout the day, and I was able to identify 4 distinct patterns of incubation
activity as the day progressed. I used these patterns to split incubation activity into 4
periods.
Night: 21:00:00 – 05:59:59 - Nest activity was minimal (based on a constant nest
temperature), suggesting that a female was incubating throughout the night and rarely left
the nest.
Morning: 06:00:00 –10:59:59 – Nest activity was high, with changes in nest temperature
suggesting long off-bouts in the morning and progressively shorter off-bouts as the
morning continued, waning down as the day warmed up until around 11:00am.
Mid-day: 11:00:00 – 16:59:59 – Nest activity was low, with changes in nest temperature
suggesting that hot mid-day temperatures had females making very few, extremely short,
off-bouts.
Evening: 17:00:00 – 20:59:59 – An observed increase in changes in nest temperature,
indicating female activity rose from late afternoon until dusk. This pattern was opposite
the morning trend, with more frequent, shorter-off bouts earlier in the evening, and fewer,
longer off-bouts closer to dusk.
Figures (10-13) illustrate this daily incubation behavior pattern for nests
SESP002, SESP011, SESP015, and SESP033; with nest temperature compared to
ambient temperature. As these charts indicate, nest temperature and ambient temperature
are most greatly different during the morning and evening.
After identifying these daily patterns, I decided that I could only confidently infer
if off-bouts were occurring during the morning and evening, when off-bouts from the nest
created a large enough change in temperature that I was able to say a bird was leaving a
nest. The rule I used to determine if a bird was leaving/returning to a nest was a 1.5°C
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change in temperature between consecutive, 4-minute intervals. This is very similar to
the 2.5°C change in temperature lasting more than 2 min with a minimum of 0.4°C per
min rate of cooling or rewarming used by Gjerdrum et al. (2008) for saltmarsh sparrow,
and follows the same method used by Coe et al. 2015 for categorizing tree swallow
(Tachycineta bicolor) off-bouts. Using this rule, I defined off-bouts and on-bouts for
nests that had a complete data set for either the morning or evening, as the following:
1. Off-bout: A nest cooling by at least 1.5° C over 4 minutes was defined as a female
leaving the nest.
2. On-bout: A nest warming by at least 1.5° C over 4 minutes was defined as a female
returning to the nest to resume incubation.

Having defined the parameters for identifying off-bouts and on-bouts, I manually
identified and counted the number and duration of off-bouts (Figure 14). I then
calculated the frequency of off-bouts and the total duration (min) of off-bouts during the
morning and evening across the entire observation period.
To test for homoscedasticity for each of the nests sampled, all variables were
tested for randomness and equal variances, with an independent samples t-test conducted
to adjust for any non-homogeneous variances. I then used an ANOVA to examine the
relationship between nest success or failure and 1) total duration of off-bouts at each nest,
2) number of off-bouts at each nest per hour, and 3) mean nest temperature for the
morning and evening periods, as well as between nest fate and ambient temperature, air
temperature, age, and the structural and vegetative nest measures. I also used an
ANOVA to examine the difference between mean nest temperature and ambient
temperature, and used a Paired sample T-test to compare mean nest temperatures to
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ambient nest temperatures for morning and evening at Miller Canal and Twin Sisters.
Means are presented with standard error.
To examine the effect of nest attendance variables compared to structural and
vegetative nest features, I performed a multiple regression using mean nest temperature,
mean total duration of off-bouts, mean off-bout frequency, and mean nest height, and
determined which, if any, factors were intercorrelated. Variables found to not be
independent of one another were excluded from the regression analysis, and therefore,
mean off-bout frequency was excluded from further analysis.
I also input the nest attendance variables found to be significant influencers of
nest fate (mean morning and evening duration of off-bouts, mean morning and evening
nest temperature) into the McEstimate nest survival model used in Chapter 1 to determine
the relative weights of each model in predicting nest fate. Due to the small sample of
nests relative to the number of explanatory variables, I used AIC corrected for small
sample size (AICc) for model selection. I used ΔAICc to evaluate and rank the models,
looking at models with ΔAICc < 2 to develop a best model for daily survival.
RESULTS
	
  
Of 17 nests where I observed individual incubation behavior, nine (9) produced
successful outcomes (fledging 1 or more chick); seven (7) were unsuccessful (failed to
fledge at least 1 chick); and one (1) nest’s outcome was indeterminable as monitoring
was not performed up to date of fledge. These outcomes agree with nest fates that were
observed in nests that were monitored without iButtons (Table 6). I collected 28 iButton
incubation records, 1 of which was invalid, for 19 nests. I unfortunately lost 6 iButtons
to removal by parents or predators. Previous studies using iButtons have not shown
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parents removing iButtons from a nest (Gjerdrum et al. 2008), but I had cases where
signs point to this occurring. All iButtons retrieved were collected from only 2 of my 3
plots, Miller Canal and Twin Sisters, as all iButtons placed at Causeway were lost.
Nest age explained a significant amount of variation between successful and
unsuccessful nests (F1, 11 = 9.925, p = 0.009), as predicted, given that overall nest survival
decreased with nest age (Figure 9). For the subset of nests with nest attendance data,
successful nests were a mean of 16.0 ± 1.7 days old compared to unsuccessful nests,
which were a mean of 6.5 ± 2.4 days old.
Morning & Evening Incubation Analysis of Off-bout Duration and Frequency
Total Off-Bout Durations: Average total off-bout duration was 83.4 minutes
during the morning hours, and 70.5 minutes during the evening hours. Unsuccessful
nests had an average total morning off-bout duration of 105.9 minutes and an average
total evening off-bout duration of 84.6 minutes. Successful nests had an average total
off-bout duration of 68.4 minutes during the morning hours and 59.6 minutes during the
evening hours.
For the morning, successful nests had females that spent less time off the nest
than females at unsuccessful nests (means 68.4 ± 9.7 vs. 105.9 ± 11.2 min; F1,13 = 6.279,
p = 0.026, Effect Size = 32.6%) (Figure 15). A test of homogeneity of variances
confirmed that samples were random and equal in variance (F1, 13 = 0.018, p = 0.895).
For the evening, the same trend that occurred during the morning was observed.
Successful nests had females that spent less time off the nest than females at unsuccessful
nests (means 59.6 ± 7.9 vs. 84.6 ± 6.1 min; F1,14 = 5.697, p = 0.032, Effect Size = 28.9%)
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(Figure 16). A test of homogeneity of variances (F1, 14 = 2.235, p = 0.157) confirmed that
samples were random and equal in variance.
Off-bout Frequencies: Average off-bout frequency was 1.6 bouts/hour during the
morning hours and 1.5 bouts/hour during the evening hours. Females from unsuccessful
nests averaged 1.9 bouts/hour in the morning and 1.9 bouts/hour in the evening. Females
from successful nests averaged 1.3 bouts/hour in the morning and 1.3 bouts/hour during
the evening hours.
For the morning, successful nests had females that left the nest less often than
females from unsuccessful nests (means 1.3 ± 0.2 times/hour vs. 1.9 ± 0.2 times/hour, F1,
13

= 3.319, p = 0.092, Effect size = 20.3%) (Figure 17). A test of homogeneity of

variances (F1, 13 = 1.380, p = 0.261) confirmed that samples were random and equal in
variance.
For the evening, successful nests had females that left the nest less often than
females from unsuccessful nests (means 1.3 ± 0.2 vs. 1.9 ± 0.2 times/hour, F1, 14 = 4.766,
p = 0.047, Effect Size = 25.4%) (Figure 18). A test of homogeneity of variances (F1, 14 =
5.934, p = 0.029) confirmed that samples were not random and equal in variance. An
independent samples t-test provided the results of significance testing in the presence of
differing variances, with average evening off-bouts still being significantly related to
nest-fate after the adjustment (t (13.644) = 2.307, p = 0.037).
Females from successful nests had similar individual off-bout durations compared
to unsuccessful nests during the morning (means 12.1 ± 0.8 vs. 11.9 ± 0.8 min, F1, 13 =
0.043, p = 0.839) and during the evening (means 12.5 ± 0.5 vs. 11.7 ± 0.4 min, F = 1.762,
p = 0.206), despite making fewer trips and having shorter mean total durations off the
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nest. This result indicates that the frequency of off-bouts made accounted for the
differences seen in total off-bout duration rather than the individual off-bout duration.
Observed Relationships in Adjusted Ambient Temperature between Plots
All 3 plots registered similar mean temperatures of 27-28°C, at the same times,
indicating that no large temperature anomalies between plots existed (Table 7). An
exception to this is the Miller Canal Plot, which had a temperature range ~ 7.5°C smaller
than my other two plots. This could be because Miller Canal was located adjacent to a
large canal that may have regulated temperatures there (cooler on hot days and warmer
during cool nights).
Morning & Evening Analysis of Mean Nest Temperature
Comparing Mean Nest Temperatures to Ambient Temperatures: Overall average
ambient temperature was 26.5°C during the morning and 28.1°C during the evening. For
nests that were unsuccessful, ambient temperature was 27.5°C in the morning and 28.1°C
in the evening. For nests that were successful, ambient temperature was 26.3°C in the
morning and 28.1°C in the evening. There were no significant differences in ambient
temperature between successful and unsuccessful nests for either the morning (F1, 13 =
1.838, p > 0.20) or the evening (F1, 14 = .018, p > 0.89).
Morning nest means were 34.9°C compared to 26.3°C and 27.4°C for ambient
temperatures at Twin Sisters & Miller Canal, respectively, indicating that nests were on
average 8.1°C or 30% warmer than ambient temperatures during the morning (Table 8).
Evening nest means were 35.4°C compared to 28.2°C and 27.6°C for ambient
temperatures at Twin sisters and Miller Canal, respectively, indicating that nests were on
average 7.5°C or 27% warmer than ambient temperatures during the evening (Table 8).
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Mean morning nest temperature was 35.0°C and mean evening nest temperature
was 35.4°C. For nests that were unsuccessful, mean morning nest temperature was
34.4°C, while mean evening nest temperature was 35.0°C.	
  	
  For nests that were
successful, mean morning nest temperature was 35.4°C, while mean evening nest
temperature was 35.7°C. Successful nests were on average 1.0 ± 0.3 °C warmer than
unsuccessful nests during the morning (Figure 19), with a (F1, 13 = 4.559, p = 0.05). The
same pattern occurred during the evening, with successful nests being on average 0.7 ±
0.4 °C warmer than unsuccessful nests for the evening (Figure 20), with a (F1, 14 = 1.965,
p = 0.183).
Comparing the Effect of Nest Attendance versus Structural and Vegetative Nest
Measures on Nest Fate
Of all nest temperature, structural and vegetative variables, the three variables that
best explained nest survival were mean duration of off-bouts, mean nest temperature, and
nest height (distance from bottom of cup to ground). Off-bout frequency was excluded as
it was correlated with mean total duration of off-bouts, correlated at r = 0.92 in the
morning and r = 0.96 in the evening. Of the 10 nest vegetative and structural nest
features measured (Tables 9a, 9b), none showed a significant influence on nest fate.
However, nest height was included in the regression as it was the top nest survival
predictive model (Table 4). The multiple regression model determined that only mean
total duration was significant in the morning (F1, 13 = 6.279, p = 0.026; Effect Size R2 =
32.6%) and that both mean total duration and mean nest height were significant for the
evening, (F1, 14 = 5.697, p = 0.032; Effect Size R2 = 47.3%).
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The iButton McEstimate survival model (Table 10) deemed eleven models to be
good predictors of nest fate (based on a ΔAICc <2). The top survival models included
mean morning and evening total off-bout duration, and date + height. This result was
similar to the multiple regression analysis, with the exception that mean nest height was
not significant in the morning.
Abiotic Factors: Air Temperature, Precipitation, and Tidal Data
There was no significant correlation between the air temperature and nest fate for
the morning (F1, 13 = 1.274, p = 0.279) and evening (F1, 14 = 0.227, p = 0.641).
Additionally, there was no significant correlation between nest fate and mean maximum
daily temperature (F = 1.04, p > 0.33) or the mean minimum daily temperature (F = 0.76,
p > 0.40).
In some cases, it appeared that females made more frequent off-bouts in rainy
and cooler conditions than in drier and warmer conditions, however, off-bouts made in
rainy, cooler conditions were of shorter duration. These differences can be most clearly
seen when comparing the behavior of two incubating females in Figures 11 and 12.
These results parallel incubation behavior observed in saltmarsh sparrows in Connecticut
(Gjerdrum et al. 2008), despite South Carolina’s much warmer climate. One instance of
rain influencing incubation behavior was observed in nest SESP006 after heavy rains.
This rain caused a 12.5°C	
  drop in nest temperature that persisted for 2 hours (Figure 21),
causing the nest to reach near-ambient temperatures, which suggests that either the
female was off the nest during these heavy rains or that the nest temperature could not be
sufficiently regulated by the female during the rain.
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Lastly, tidal patterns did not show any influence on female incubation behavior or
nest fate. An initial visual analysis of tidal patterns showed that timing of nest failure
was not linked to spring tide flooding, and as no nests showed signs of failure due to tidal
flooding (e.g. wet nest cup, eggs outside of nest) this warranted no further investigation.
Predator Presence
I was not able to quantify the effect of the presence of a predator on incubation
behavior patterns. However, I did detect a trend in the timing of nest failure, which
points to predation activity at my plots. Of 6 failed nests where temperature data was
being actively recorded, nest failure (and partial nest failure) occurred between 20:00 and
01:00 for 5 (or 83%) of these nests (0:55, 20:56, 23:45, 21:17, and 01:00). A binomial
test indicated that the proportion of nests that failed during nighttime hours compared to
daylight hours was higher than would be expected, p = 0.031.
Timing of Chick Fledging & Chick Behavior
Timing of fledging from the nest was clumped during two portions of the day,
during the mid-morning (07:09 & 09:30), and shortly after sunset (19:27, 19:58, 20:12),
though in some cases these times do not reflect the last moment chicks were present in
the nest as fledglings have been documented returning to the nest after fledging
(Gjerdrum et al. 2008). As seen in Figure 22, nest SESP010 provides a glimpse into the
behavior of chicks at near fledging age, which is similar to behavioral observations made
by Gjerdrum et al. (2008), where chicks around fledging age were observed leaving the
nest at sunset for a few to several hours, returning to the nest for food or warmth, and
subsequently leaving for good on the following evening. Another example of chick
fledging behavior was seen in nest SESP016 (Figure 23). Chicks from this nest were
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recorded leaving the nest at sunrise (as shown by a sharp drop in nest temperature), but
chicks from this nest returned as nest temperatures rose back to ~35°C at sunset. Nest
records also show these chicks leaving the nest for good the following morning, 6/14/15,
around 07:00.
DISCUSSION
The main findings from my incubation behavior analysis were that: 1) Females
that incubated successful nests had significantly shorter off-bout durations, significantly
lower off-bout frequencies, and significantly higher mean nest temperatures. 2) Females
altered their incubation behavior pattern in response to precipitation and ambient
temperature, but did not alter it in response to tidal patterns. 3) Height, mean nest
temperature, and total off-bout duration were the best predictors of nest fate. 4) Timing of
nest failure points to marsh rice rat predation. 5) Chicks generally fledged during the
evening hours shortly after sunset, and during the early morning hours after sunrise.
Nest temperature records allowed me to make detailed inferences about nest
survival, and allowed me to attribute most of the nest failures to marsh rice rat predation.
These records shed light on how females altered incubation behavior in response to
abiotic and biotic factors. I did, however, sacrifice a more complete nest temperature
record for a more detailed temperature record, as I set my temperature data-loggers to
record nest temperature for ~6 days before needing to be swapped out to acquire
additional temperature information. This was sometimes invasive for nests with chicks,
especially if I had to replace data-loggers when chicks were most likely to jump out of a
nest bowl at ~7-8 days. A more complete nest temperature record would have provided
more knowledge of predation and chick fledging events, but would have sacrificed a
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more thorough knowledge of incubation behavior, as off-bout durations and off-bout
frequency would not have been as easily defined or identifiable within a nest temperature
record.
Female seaside sparrows maintained a stable thermal environment in their nests
compared to ambient temperature during the mornings and evenings when the bulk of
feeding (i.e. off-bouts) occurred, and when ambient temperatures experienced the greatest
fluctuations. To maintain this stable thermal environment, females altered their nest
attendance patterns in response to weather events and changing ambient conditions,
keeping their nests 27-30% warmer than ambient temperatures.
Females from successful nests took shorter off-bout durations, and had lower offbout frequencies. Each of these behaviors contributed to a higher mean nest temperature
compared to unsuccessful nests, indicating that successful females spent more time at the
nest feeding and rearing chicks. There are a few possibilities as to how this difference in
behavior may have influenced nest success: 1) Successful females were quicker at
locating prey items for self-maintenance or for chicks, 2) Successful females more
efficiently defended their nests from non-threatening intruders (e.g. other feeding seaside
sparrows) and potential predators alike, and 3) Successful females were older in age, and
therefore more knowledgeable and skilled at doing 1) and 2). Unfortunately, I was not
able to quantify any of these behaviors, or relate them to female age, but additional
behavioral research and mark-recapture studies would allow future observers to
determine if these differences played a role in nest success.
The top survival model which incorporated vegetative and structural nest features
for the subset of nests with temperature records was the model: fail (Height + Mean
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Morning Nest Temp + Height ×	
 Mean Morning Nest Temp), with no other vegetative
characteristic showing an influence on nest fate (Table 10). This result was surprising as
Post (1981) reported higher nest failures in black needlerush, which was not true in this
study. As the mean % black needlerush at nest sites was 19.4%, this suggests breeding
sparrows actively avoided placing nests in needlerush patches, especially when other
vegetation options were available.
The multiple regression analysis suggested that a female’s total duration off the
nest had more influence on nest fate than nest height and nest temperature. However,
each of these variables was considered equal in the regression model. Evening total offbout duration may explain more variation in nest fate compared to morning total off-bout
duration. This may be influenced by an increased likelihood of predator activity during
the evening compared to the morning. The regression model with the strongest support,
however, included both mean total evening off-bout duration and nest height, which
indicates that both factors had a significant influence on nest fate. This may be because
lower nests were more prone to predation, as lower nests were more easily accessible to
the primary nest predator in my study, the marsh rice rat. The McEstimate nest survival
models (Table 10) also showed that total duration of off-bouts during the evening and
morning were considered the best predictors of nest fate along with nest height and mean
nest temperature. Each of these models had similar model weights and a ΔAICc of < 2.
This result suggests that total time spent off the nest influenced nest survival, and females
that spent less time off the nest were better at protecting the nest from the elements and
possible predation.
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The Influence of Abiotic Factors on Incubation Behavior & Nest Fate
Results from my study, as well as previous studies (Conway & Martin 2000a,
Gjerdrum et al. 2008, Coe et al. 2015) have shown that females modify their incubation
or nest attendance behavior in response to ambient temperatures, and this behavior
influences nest microclimate and consequently, embryo development rates (Coe et al.
2015, Gjerdrum et al. 2008). Though incubation behavior was modified by air
temperature, air temperature had no noticeable effect on nest outcome.
Like air temperature, rain influenced the incubation behavior of females, with
females displaying more frequent off-bouts and shorter off-bout durations during days
with rain, which was usually coupled with cooler ambient temperatures. Heavy rain, on
the other hand, may have had more of an impact on nests than I could quantify. Nest
SESP006 experienced a sharp and prolonged drop in temperature after a heavy storm on
6/3/2015 (Figure 21), which may have been due to the nest itself being inundated with
water, but interestingly, this event mirrored a scenario similar to that observed in tidally
inundated saltmarsh sparrow nests (Bayard et al. 2011), and based on those results, as
well as observations from nests SESP029 and SESP033, it is safe to assume that although
heavy rain alter the nest microclimate for a period of time, as long as incubation resumes
and nest temperatures stabilize, then the fate of the nest remains unaffected.
Tides also showed a negligible impact on incubation behavior and nest fate, and
the main reason for this was because 72% of nests were located in an impoundment with
near-constant water levels. Additionally, all nests observed were built above the hightide line in plots that did experience tidal fluctuations.
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The Influence of Predators on Incubation Behavior & Nest Fate
Though the failure of these nests cannot be 100% confirmed as trail cameras were
not recording nests, predation is the most likely cause as no nests were observed failing
due to flooding, though 1 nest (SESP020) may have been abandoned following a partial
predation event. The timing of these nest failures suggests the predator was nocturnal
(Weidinger 2006), which rules out other known nest predators like red-winged blackbird
(Agelaius phoeniceus) and boat-tailed grackle (Quiscalus major), both of which are
diurnal visual predators (Post & Greenlaw 2009). Observations of nest predators present
suggest that this nest predator was most likely the marsh rice rat (Oryzomus palustris). In
the case of SESP004, an assumed partial predation of 2 eggs occurred at 20:56, with
incubation not resuming until at least 6 hours later. Though another documented
nocturnal nest predator, the raccoon (Procyon lotor), is also present at Tom Yawkey,
there were no sightings of raccoon or evidence of their presence (scat, tracks) at any of
my plots.
Timing of Chick Fledging & Chick Behavior
The timing of chick fledging indicated that, in a few instances, chicks would leave
the nest temporarily, and one or all would return within a few to several hours. This was
observed for chicks of near-fledging age, at 8 or 9 days. There was somewhat of a pattern
in timing of chick fledging as was observed in Gjerdrum et al. (2008), where fledging
occurred shortly after sunset, though I also observed chicks fledging during the morning
from ~07:00 - 09:00. These observations suggest that chicks prefer to leave the nest
during cooler portions of the day.
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As I was unable to collect enough nest temperature records for a comparison of
nest attendance and incubation behavior across differing marshes, I could not make
inferences on how other factors like marsh quality, vegetation composition, or food
availability may have influenced incubation behavior, nest success, and nesting densities.
Obtaining more nest temperature records may also shed light on how nest attendance
patterns, like the duration of time adults need to locate food resources, differ from marsh
to marsh. Additional nest temperature records will also provide researchers with more
information on the variation in parental behavior, so that scientists can couple this data
with information on parental age or fitness to better understand how those factors play a
role in nest success.
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Chapter 3: Can Habitat Predict Which South Carolina Marshes Seaside Sparrows
Breed In?

INTRODUCTION
Seaside sparrows have a narrow and restricted distribution across coastal marshes
along the Atlantic and Gulf Coasts. The spatial distribution of seaside sparrows is
controlled primarily by this habitat availability, but is also influenced by forces like intraand inter-specific competition, and predation. Stochastic factors like disease and
disturbance from hurricanes can isolate populations (Stouffer et al. 2013), increasing the
chances of genetic bottlenecking (Avise & Nelson 1989), and reduce dispersal ability
(Pulliam 2000). Distribution is also influenced by human development of salt marsh
habitats and the associated fragmentation and decreased connectivity between adjacent
marshes, which act to further isolate populations by limiting dispersal (Diez & Pulliam
2007).
South Carolina coastal marshes are expansive and largely undeveloped compared
to marshes in the Northeast. However, MacGillivray’s Seaside Sparrow in South
Carolina show scattered and patchy site occupancy (Laskaris & Hill unpublished)
contrary to population distributions in adjacent states (E. Hunter, pers. comm.). This
unequal distribution of breeding seaside sparrows is surprising, given the surplus of
supposed suitable habitat. Therefore, it is important to identify habitat characteristics that
may influence MacGillivray’s Seaside Sparrow breeding distribution, as scientists have
so far not been able to predict which habitats seaside sparrows choose to inhabit and
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breed in. It was my goal to discern a relationship between sparrow presence and
remotely sensed habitat variables that would allow remote evaluation of unsurveyed sites
so that sparrow breeding distribution across South Carolina could be more easily
identified for conservation purposes.
On-the-ground surveying is currently the only effective way to evaluate site
suitability for MacGillivray’s Seaside Sparrows. Remote sensing data can represent
various habitat characteristics, and has been substituted for on-the-ground surveying
while constructing habitat models. Remote sensing models are also cost-effective when
money and personnel are limited, which is often the case with large-scale habitat surveys.
The predictive values of remote sensing models are often mixed, but some can some
close to predicting sparrow occupancy, as was the case with saltmarsh sparrows in
Connecticut (Meiman et al. 2012). Though some remote sensing models may be good at
predicting whether a patch of marsh has high occupancy, predicting occupancy, but
especially nest site selection, may have higher predictive power when small-scale habitat
features, like vegetation structure, which can only be obtained by on-the-ground data
collection, are incorporated (Meiman et al. 2012). It is unknown whether remotelysensed habitat features or small-scale habitat features contribute a proportionally greater
influence on predicting sparrow presence in South Carolina marshes. By testing a
predominantly remotely sensed model, however, scientists may be able to narrow in on
the habitat features that best influence occupancy and identify the habitat features that do
not, so that the predictive power of future occupancy models may increase.
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METHODS
Using the results from surveys (see Chapter 2 for survey methods) at 90
systematically-chosen points in 16 randomly-chosen marshes (Figure 24), I searched for
correlations between sparrow presence and remotely-sensed habitat related variables. I
used 4 remotely-sensed habitat characteristics to predict sparrow detection: % land cover
type, % saline vs. brackish wetland (as a metric of salinity), elevation, and distance to
upland edge, and one habitat measure taken in the field: vegetation assemblage
composition.
Percent land cover type was taken from the 2011 National Land Cover Database
(Homer et al. 2015) and was calculated for a 200-m buffer surrounding each survey point.
Percent saline (E2EM1N) and brackish (E2EM1P) wetlands were calculated using
geospatial data from the National Wetland Inventory (USFWS 2007). I calculated the
total acreage of the two wetland habitat types in a 200-m buffer surrounding each survey
point. The relative proportions of the two wetland types served as a proxy for salinity.
The mean elevation of the 200-m buffer around each survey point was measured using
coastal LiDAR elevation datasets produced by NOAA and the South Carolina
Department of Natural Resources (U.S. Dept. of Commerce 2015, SCDNR 2015).
Distance to upland edge was also measured from each survey point. Finally, the percent
composition of several vegetation assemblages within 50-m of each survey point was
calculated from field data.
STASTICAL ANALYSIS
I performed a preliminary frequency analysis of each measured variable within
the 5 habitat characteristics, to omit habitat variables with limited or no variation between
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sites (e.g., % pasture or % invasives). I then performed two sets of analyses, a K-factor
cluster analysis to clump survey sites, and a factor analysis (PCA) to reduce habitat
variables and generate artificial variables based on their ability to explain site variance.
Lastly, I performed a stepwise multiple regression to test the hypothesis that site
detection could predict habitat characteristics.
RESULTS
Site Occupancy
Seaside sparrow detection was compiled for sites surveyed on the 2nd and 3rd
survey windows of 2014 and 2015, with the 1st survey window being excluded as there
was a high likelihood that sparrows detected during this window including nonbreeding
migrants (Laskaris & Hill unpublished). During 170 surveys in 2014 and 2015,
MacGillivray’s Seaside Sparrows were detected at 11 of 90 randomly selected survey
points.
Statistical Analysis
The K-factor Analysis clumped sites based on habitat characteristics that were
found to be statistically significant in variance during primary analysis into 3 clusters
based on similarities in site variables between sites for the variables listed in Table 11.
These three clusters represent 3 types of marsh sites or habitats that were surveyed and
were based on marsh types similar in elevation, distance to nearest upland, % woody
wetland, and maximum horizontal azimuth. Four other site variables (Table 11) were
used to form these clusters, but were deemed to have no bearing with regard to explaining
site detection as they were measures of direction. The PCA reduced habitat variables to 3
components that explained 45.8% of the variance between sites. I chose to limit the
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components used for analysis to the 1st 3 components, which explained 45.8% of site
variance, as seen in Table 12.
I performed a multiple regression using the 3 site clusters formed with the Kfactor analysis, and using the 1st three components generated from the PCA, which
explained 45.8% of the site variance. The results from both analyses show that there
were no significant differences in detection found between any of the clusters or
components generated. As neither analysis produced any significant correlations
between the 5 habitat characteristics and detections, I performed a multiple regression
using the raw individual values to determine if any could explain site occupancy, but
results were consistent with the first two analyses.
DISCUSSION
I found no significant correlations between 5 habitat variables and occupancy. I
believe that these results can be partially attributed to uneven detection across occupied
and unoccupied sites. Though low levels of occupancy did not allow my model to predict
a habitat relationship, there are some possible explanations as to why the model may have
not been as effective as it could have been.
As habitat is influenced not only by conditions within a patch (i.e., within the
buffer), but also by large-scale landscape features around the patch (Diez & Pulliam
2007), expanding patch size to incorporate the influence of these features may shed light
on sparrow distributions. For instance, Meiman et al. (2012) used large buffers (500-m)
to analyze landscape features, which allowed for an assessment of landscape features that
could have contributed to detection that my 200-m buffers did not capture. Surveys were
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often conducted along creeks or on dikes that had ditches on each side, which when
coupled with 200-m buffers for elevation, wetland type, and land cover measurements,
often contained large proportions of water. Though open water area was excluded when
obtaining mean values for habitat variables within buffers, it meant that 200-m buffers
captured a smaller proportion of the available marsh habitat present during surveys
compared to a larger buffer. Therefore, occupancy that may have been influenced by
landscape features beyond the buffer zone were ignored. Additionally, areas of upper
marsh that were not reached for surveying due to inaccessibility and boat survey
limitations, may have been overlooked, which in turn could have biased the occupancy
model (Laskaris and Hill unpublished).
Other landscape features that may have influenced occupancy, but were not
measured by the remote sensing model as they were unfeasible to measure, include
structural vegetation characteristics (stem density, mean maximum vegetation heights)
(Gjerdrum et al. 2008b, Bayard & Elphick 2010) and the influence of social drivers, like
the presence of breeding conspecifics, on breeding habitat selection (Melles et al. 2009,
Bayard & Elphick 2010). Gjerdrum et al. (2008b), and Shriver et al. (2004) found that
structural characteristics of marsh vegetation fit sparrow abundances better than models
that were based on vegetation composition alone, as was done in this study.
Additionally, sparrows may use vegetative cues that indicate substrate elevation and tidal
regime when selecting nest sites (DiQuinzio 2002). These finding suggest that there may
have been small-scale habitat characteristics that predicted seaside sparrow occupancy
that were overlooked.
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The results of habitat and occupancy prediction models can differ depending on
marsh size and isolation, which vary by region due to differences in geomorphology,
hydrology and human-development. Shriver et al. (2004) determined that marsh isolation
negatively influenced the presence of saltmarsh sparrows in Maine, but did not in Long
Island Sound, indicating that regional differences may influence occupancy. Habitat
characteristics like distance to upland edge, which may be important to small, highly
isolated, northeastern marshes, might not have been important contributors to predicting
occupancy in South Carolina. Marshes surveyed in this study were less isolated, less
fragmented, and much larger than New England marshes. Additionally survey sites like
Raccoon Key and Bulls Island were far from an upland edge (up to 1300-m in one
instance), characteristic of the low-relief coastal marshes of the region. Comparing
occupancy across near-upland marshes and low-relief, back barrier island marshes at such
a large scale difference would most likely show no trends due to the large difference in
habitat type between groups, as seen in the K-factor analysis (Table 11). South Carolina
marshes are probably less subject to edge effects due to their size, and therefore, edge
effects would minimally influence sparrow occupancy at survey sites.
Although the limited number of survey points (90) and low level of occupancy
(12%) left me with little predictive power to find subtle habitat relationships, it is perhaps
worth noting that other more detailed studies have also failed to predict density of nesting
(Gjerdrum et al. 2008) or wintering (Trinkle 2013) seaside sparrows from habitat
measurements. Whatever it is that guides seaside sparrow distribution, this model was
not able to make any significant advances in predicting it remotely, and it may be
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necessary to incorporate small-scale habitat features or social behaviors into models to
better understand sparrow occupancy.
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CONCLUSION
MacGillivray’s Seaside Sparrow at Tom Yawkey Wildlife Center exhibited high
daily nest survival, varied in distribution and densities depending on habitat type, and had
clear preferences for nesting in smooth cordgrass and saltgrass over black needlerush.
Sparrows also built nests at lower heights at Tom Yawkey compared to nests in Georgia
and Florida; presumably because of a low chance of failure to flooding. Despite this
reduced pressure, nests were prone to nest failure by marsh rice rats, as evidenced by the
timing of nest failure. Survival models ranked nest height, nest temperature, and total
off-bout duration as the best predictors of nest fate.
The incubation behavior analysis discovered that females who incubated
successful nests had significantly shorter off-bout durations, significantly lower off-bout
frequencies, and significantly higher mean nest temperatures. Females altered their
incubation behavior pattern in response to rainfall and ambient temperature, but not to
tidal cycle.
Low levels of occupancy did not allow the occupancy model to predict a habitat
relationship, which may have been influenced by small-scale vegetation characteristics,
and perhaps, by the presence of breeding conspecifics. There may also be large-scale
landscape features that were not taken into consideration during the habitat analysis.
If demographic work on seaside sparrows at Tom Yawkey were to continue, I
would suggest a transition to a nest searching schedule, searching for nests earlier in the
breeding season, and obtaining more data on the influence of nest height on nest success.
Additionally, I would investigate more vegetation characteristics, like stem density, to
determine if vegetation density influenced nest site selection and nest fate.
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Table 1: Summary of nest fates, by plot.
Fledged

Unknown

Failed
(Depredated)

Causeway

1 (50%)

-

Miller Canal

1 (14%)

Twin Sisters

14 (52%)

Failed
(Unknown)

-

Failed
(Marsh
Wren)
-

1 (14%)

4 (57%)

-

1 (14%)

1 (4%)

5 (19%)

1 (4%)

7 (26%)

1 (50%)

All Plots
16 (44%)
2 (6%)*
9 (25%)
1 (3%)
8 (22%)
* The fate for 2 nests is marked as unknown as these nests were not monitored to time of
fledge or fail.
Table 2: Vegetation composition: percent coverage (±s. d.) at nests versus random plots.
Nests
Bare
Open
S. Alterniflora
D. spicata
J. roemerianus
(n = 37)
ground
water
Causeway

0

0

100

0

0

Miller Canal

59 ± 21%

0

23 ± 32%

0

19 ± 21%

Twin Sisters

73 ± 22%

26 ± 23%

1 ± 2%

0

0

All Plots

66 ± 27%

19 ± 23%

11 ± 27%

0

4 ± 12%

Random
(n = 67)

S. Alterniflora

D. spicata

J. roemerianus

Bare
Ground

Open
Water

Causeway

15 ± 28%

0

82 ± 36%

1 ± 3%

2 ± 9%

Miller Canal

60 ± 41%

0

31 ± 46%

4 ± 8%

5 ± 14%

Twin Sisters

86 ± 27%

9 ± 20%

2 ± 14%

0

3 ± 8%

All Plots

57 ± 43%

3 ± 13%

35 ± 46%

2 ± 5%

3 ± 10%

Table	
  3:	
  Marsh	
  Rice	
  Rat	
  Trap	
  Success
By Round

Catches

Empty

Visits

Round 1 (5/29 - 6/4/15)

7

85

4

False
Triggers
0

Round 2 (6/13 - 6/15/15)

1

90

5

0

0

Round 3 (6/26 - 6/29/15)

13

68

14

1

0

All Rounds

21

243

23

0

By Plot

Catches

Empty

Visits

Recatches

Causeway

6

83

6

1
False
Triggers
1

Miller Canal

9

71

16

0

0

Twin Sisters

6

89

1

0

0

Plot Average

7

81

7.7

0.3

0
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Recatches
0

0

Table 4: List of top 6 daily nest survival predictive models for MacGillivray’s Seaside Sparrow
and their corrected Akaike’s Information Criterion and Δ corrected Akaike’s Information
Criterion (AICc – lowest AICc). Top models (in bold) had a ΔAICc < 2.
Markov-Chain
Daily Nest Survival Models
1
fail (Height + Age + Height*Age)
2
fail (Age)
3
fail (Date + Age + Date*Age)
4
fail (Date)
5
fail (Height)
6
fail (Height + Date + Height*Date)
a
Number of model parameters.
b
Model weight.
Model

Ka

NLL

AICc

ΔAICc

w ib

4
2
4
2
2
4

30.89
33.9
31.94
34.18
34.22
32.6

70
71.86
72.1
72.42
72.5
73.41

0
1.86
2.1
2.43
2.51
3.42

0.4
0.16
0.14
0.12
0.11
0.07

	
  

Table 5: Observed relationships in ambient temperature between plots.	
  
Pearson
Correlations

Observed
Causeway

Observed
Miller Canal

Observed
Twin Sisters

Observed Temp
Causeway

1

.932**

.889**

Observed Temp
Miller Canal

.932**

1

.915**

Observed Temp
Twin Sisters

.889**

.915**

1

**. Correlation is significant at the 0.01 level (2-tailed).

	
  
Table 6: Nest outcomes for nests monitored with iButtons.
Fate

Frequency

Percent

Valid Percent

Unsuccessful

7

41

44

Successful

9

53

56

Undetermined

1

6

-

17

100%

100%

Table 7. Adjusted ambient temperature between plots
Adjusted Ambient
Causeway

Adjusted Ambient
Miller Canal

Adjusted Ambient
Twin Sisters

N (Valid)
Mean

5674
27.2

5674
27.8

5674
28.0

Median

25.6

26.5

26.5

Std. Deviation

6.15

6.01

7.34

Range

41.0

33.9

41.6

Minimum

14.5

16.2

13.4

Maximum

55.5

50.0

55.0
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Table 8. Paired Samples T-Test: Comparing Mean Nest Temperature & Ambient Nest
Temperature
Paired Differences
95% Confidence Interval

Pair
Mean

Std.

Std. Error

Deviation

Mean

of the Difference
Lower

Upper

t

df

Sig.
(2-tailed)

Mean Morning Nest
1

Temp - Ambient Temp

8.64

2.23

0.58

7.40

9.88

14.981

14

.000

7.24

2.62

0.66

5.84

8.64

11.040

15

.000

7.53

2.95

0.76

5.90

9.17

9.882

14

.000

7.81

2.43

0.61

6.51

9.11

12.832

15

.000

Twin Sisters
Mean Evening Nest
2

Temp - Ambient Temp
Twin Sisters
Mean Morning Nest

3

Temp - Ambient Temp
Miller Canal
Mean Evening Nest

4

Temp - Ambient Temp
Miller Canal

Table 9a. Woven nest canopy frequencies

Canopy

Frequency

Percent

Valid
Percent

Cumulativ
e Percent

complete
none

7

43.8

43.8

43.8

1

6.3

6.3

50.0

partial

8

50.0

50.0

100.0

Total

16

100.0

100.0

Table 9b. Nest structural & vegetation characteristics
Nest Structural & Vegetation Characteristic
Distance from lip of nest cup to ground (cm)
Distance from bottom of nest cup to ground (cm)
% canopy visible from above
Average tallest plant height (cm)
Average plant height (cm)
% composition Spartina alterniflora
% composition Juncus roemerianus
% composition Distichlis spicata
% composition Open Water*
*Open water removed from analysis due to low variation
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Mean
Measured
Value
40.0
31.5
32.1
103.3
88.9
71.2
19.4
7.7
1.8

Table 10. List of top 5 iButton nest survival predictive models for 13 Nests of known age and their
corrected Akaike’s Information Criterion and Δ corrected Akaike’s Information Criterion (AICc
– lowest AICc). Top models (in bold) had a ΔAICc < 2.
Markov-Chain
Model
Ka NLL AICc ΔAICc
w ib
Daily Nest Survival Models
fail (Height + Mean Morning Nest Temp
1
4
16.1
40.53
0
0.25
+ Height*Mean Morning Nest Temp)
fail (Mean Total Morning Off-bout
2
2
18.24 40.57
0.04
0.24
Duration)
fail (Mean Total Evening Off-bout
3
2
18.3
40.7
0.17
0.23
Duration)
4
fail (Mean Morning Nest Temp)
2
18.33 40.76
0.23
0.22
5
fail (Age + Height + Age*Height)
Number of model parameters.
b
Model weight.

4

17.39

43.11

2.58

0.07

a

Table 11. Final Cluster Centers from a K-factor Analysis used to clump survey sites into clusters
based on similarities in 8 habitat variables. The 3 clusters represent 3 types of marsh sites or
habitats that were surveyed. Max horizontal incline, north incline, south incline, and west
incline were deemed to have no bearing with regards to explaining site detection as they were
measures of direction.
	
  

Cluster
Elevation (m)
Nearest Upland (m)
% Woody Wetland
Max Horizontal Incline
Max Horizontal Azimuth
North Incline
South Incline
West Incline

1

2

3

1.92
158.1
3.480
7.2
230
3.4
2.7
3.1

1.36
1276.6
.000
2.7
196
1.2
1.7
.6

1.40
506.9
.314
2.9
147
1.5
1.0
1.2
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Table 12. Principal Component Analysis. The PCA reduced habitat variables to 3
components (highlighted in bold), which explained 45.8% of the variance between sites.
Total Variance Explained
Extraction Sums of Squared
Initial Eigenvalues

Loadings

Rotation Sums of Squared Loadings

Component Total % of Variance Cumulative % Total % of Variance Cumulative % Total % of Variance Cumulative %
1

3.872

17.600

17.600

3.872

17.600

17.600

3.280

14.911

14.911

2

3.354

15.248

32.848

3.354

15.248

32.848

2.658

12.081

26.992

3

2.843

12.925

45.772

2.843

12.925

45.772

2.598

11.808

38.800

4

1.969

8.951

54.723

1.969

8.951

54.723

2.311

10.506

49.306

5

1.451

6.596

61.319

1.451

6.596

61.319

2.140

9.727

59.032

6

1.209

5.497

66.816

1.209

5.497

66.816

1.559

7.085

66.117

7

1.119

5.084

71.900

1.119

5.084

71.900

1.272

5.783

71.900

8

.928

4.218

76.118

9

.863

3.920

80.038

10

.745

3.386

83.424

11

.648

2.945

86.369

12

.559

2.540

88.909

13

.511

2.324

91.234

14

.463

2.106

93.339

15

.416

1.889

95.228

16

.306

1.391

96.619

17

.263

1.196

97.816

18

.155

.704

98.519

19

.142

.646

99.165

20

.102

.463

99.629

21

.057

.261

99.890

22

.024

.110

100.000

Extraction Method: Principal Component Analysis.
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Figure	
  1:	
  Location	
  of	
  three	
  7	
  ha	
  plots	
  used	
  to	
  study	
  nesting	
  MacGillivray's	
  Seaside	
  Sparrows	
  at	
  Tom	
  Yawkey	
  Wildlife	
  
Heritage	
  Preserve	
  in	
  Georgetown,	
  South	
  Carolina.	
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Figure	
  2:	
  Four	
  measures	
  of	
  Seaside	
  Sparrow	
  abundance	
  at	
  three	
  study	
  plots	
  near	
  Georgetown,	
  SC.	
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Figure	
  3:	
  Seaside	
  Sparrow	
  nest	
  heights	
  at	
  three	
  study	
  plots	
  near	
  Georgetown,	
  SC.	
  	
  Only	
  two	
  nests	
  were	
  found	
  at	
  
Causeway	
  plot,	
  both	
  of	
  which	
  were	
  42	
  cm	
  off	
  the	
  ground.	
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Figure	
  4:	
  Mean	
  Male	
  Seaside	
  Sparrow	
  Bill	
  size	
  for	
  Causeway	
  (n=15),	
  Miller	
  Canal	
  (n=23),	
  and	
  Twin	
  Sisters	
  (n=46).	
  
	
  

Figure	
  5:	
  Mean	
  Male	
  Seaside	
  Sparrow	
  Weights	
  by	
  Plot	
  for	
  Causeway	
  (n=15),	
  Miller	
  Canal	
  (n=23),	
  and	
  Twin	
  Sisters	
  
(n=46).	
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Figure	
  6:	
  Mean	
  Female	
  Seaside	
  Sparrow	
  Wing	
  Chord	
  Lengths	
  by	
  Plot	
  for	
  Causeway	
  (n=6),	
  Miller	
  Canal	
  (n=18),	
  and	
  
Twin	
  Sisters	
  (n=30).	
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Figure	
  7:	
  Seaside	
  Sparrow	
  song	
  output	
  between	
  May	
  and	
  July	
  2015	
  at	
  3	
  plots	
  near	
  Georgetown,	
  SC.	
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Figure	
  8:	
  Observed	
  nest	
  success	
  from	
  eggs	
  found	
  to	
  fledglings	
  observed.	
  Number	
  of	
  eggs	
  found	
  is	
  the	
  total	
  maximum	
  
clutch	
  for	
  all	
  nests	
  found	
  (including	
  depredated	
  nests),	
  based	
  on	
  the	
  maximum	
  number	
  of	
  eggs	
  or	
  chicks	
  observed	
  
upon	
  discovery.	
  	
  Number	
  of	
  chicks	
  fledged	
  is	
  the	
  total	
  number	
  of	
  chicks	
  fledged	
  from	
  the	
  total	
  number	
  of	
  chicks	
  
observed	
  hatched	
  in	
  nest.	
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Figure	
  9:	
  Estimated	
  survival	
  of	
  Seaside	
  Sparrow	
  nests	
  by	
  nest	
  stage	
  and	
  age,	
  and	
  numbers	
  of	
  nests	
  found	
  at	
  each	
  stage	
  
near	
  Georgetown,	
  SC.	
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Figure	
  10:	
  Nest	
  Temperature	
  (solid)	
  &	
  Ambient	
  Temperature	
  (dashed)	
  measurements	
  for	
  Nest	
  SESP002	
  during	
  
5/19/2015	
  from	
  0000	
  hours	
  to	
  2400	
  hours.	
  	
  Incubation	
  activity,	
  as	
  measured	
  by	
  nest	
  temperature,	
  has	
  been	
  split	
  into	
  4	
  
periods	
  (Period	
  1	
  through	
  Period	
  4)	
  of	
  which,	
  periods	
  2	
  and	
  4	
  were	
  analyzed	
  for	
  incubation	
  behavior	
  due	
  to	
  high	
  
incubation	
  activity.	
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Figure	
  11:	
  Nest	
  Temperature	
  (solid)	
  &	
  Ambient	
  Temperature	
  (dashed)	
  measurements	
  for	
  Nest	
  SESP011	
  during	
  
5/27/2015	
  from	
  0000	
  hours	
  to	
  2400	
  hours.	
  	
  Incubation	
  activity,	
  as	
  measured	
  by	
  nest	
  temperature,	
  has	
  been	
  split	
  into	
  4	
  
periods	
  (Period	
  1	
  through	
  Period	
  4)	
  of	
  which,	
  periods	
  2	
  and	
  4	
  were	
  analyzed	
  for	
  incubation	
  behavior	
  due	
  to	
  high	
  
incubation	
  activity.	
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Figure	
  12:	
  Nest	
  Temperature	
  (solid)	
  &	
  Ambient	
  Temperature	
  (dashed)	
  measurements	
  for	
  Nest	
  SESP015	
  during	
  
5/19/2015	
  from	
  0000	
  hours	
  to	
  2400	
  hours.	
  	
  Incubation	
  activity,	
  as	
  measured	
  by	
  nest	
  temperature,	
  has	
  been	
  split	
  into	
  4	
  
periods	
  (Period	
  1	
  through	
  Period	
  4)	
  of	
  which,	
  periods	
  2	
  and	
  4	
  were	
  analyzed	
  for	
  incubation	
  behavior	
  due	
  to	
  high	
  
incubation	
  activity.	
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Figure	
  13:	
  Nest	
  Temperature	
  (solid)	
  &	
  Ambient	
  Temperature	
  (dashed)	
  measurements	
  for	
  Nest	
  SESP033	
  during	
  
07/03/2015	
  from	
  0000	
  hours	
  to	
  2400	
  hours.	
  	
  Incubation	
  activity,	
  as	
  measured	
  by	
  nest	
  temperature,	
  has	
  been	
  split	
  into	
  
4	
  periods	
  (Period	
  1	
  through	
  Period	
  4)	
  of	
  which,	
  periods	
  2	
  and	
  4	
  were	
  analyzed	
  for	
  incubation	
  behavior	
  due	
  to	
  high	
  
incubation	
  activity.	
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Figure	
  14:	
  	
  Identifying	
  Off-‐bouts	
  &	
  On-‐bouts	
  during	
  the	
  Morning	
  for	
  Nest	
  SESP010	
  on	
  06/05/2015.	
  	
  Each	
  crest	
  (off-‐
bout)	
  represents	
  a	
  female	
  leaving	
  the	
  nest.	
  	
  Each	
  trough	
  and	
  subsequent	
  rise	
  in	
  temperature	
  (on-‐bout)	
  represents	
  a	
  
female	
  returning	
  to	
  the	
  nest.	
  

	
  

	
  
Figure	
  15:	
  Mean	
  total	
  morning	
  off-‐bout	
  durations	
  (min)	
  for	
  unsuccessful	
  and	
  successful	
  nests.	
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Figure	
  16:	
  Mean	
  total	
  evening	
  off-‐bout	
  durations	
  (min)	
  for	
  unsuccessful	
  and	
  successful	
  nests.	
  

	
  

	
  
Figure	
  17:	
  Mean	
  morning	
  number	
  of	
  off-‐bouts	
  per	
  hour	
  for	
  unsuccessful	
  and	
  successful	
  nests.	
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Figure	
  18:	
  Mean	
  evening	
  number	
  of	
  off-‐bouts	
  per	
  hour	
  for	
  unsuccessful	
  and	
  successful	
  nests.	
  

	
  

	
  

Figure	
  19:	
  Mean	
  morning	
  nest	
  temperature	
  for	
  unsuccessful	
  and	
  successful	
  nests.
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Figure	
  20:	
  Mean	
  evening	
  nest	
  temperatures	
  for	
  unsuccessful	
  and	
  successful	
  nests.	
  

	
  

	
  
Figure	
  21:	
  Impact	
  of	
  a	
  heavy	
  rainfall	
  event	
  on	
  nest	
  temperature	
  in	
  nest	
  SESP006	
  on	
  06/03/2015.	
  Nest	
  temperature	
  in	
  
°C	
  	
  (solid),	
  ambient	
  temperature	
  in	
  °C	
  	
  (dotted),	
  and	
  total	
  precipitation	
  (mm)	
  (dashed)	
  are	
  shown	
  to	
  display	
  the	
  sharp	
  
drop	
  in	
  nest	
  temperature	
  to	
  near	
  ambient	
  temperature	
  levels	
  during	
  a	
  storm	
  event	
  with	
  heavy	
  precipitation.	
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Figure	
  22:	
  Timing	
  of	
  chick	
  fledging	
  for	
  Nest	
  SESP010	
  on	
  6/4/15	
  and	
  6/5/15,	
  with	
  arrows	
  indicating	
  the	
  initial	
  fledging	
  
event	
  around	
  sunset	
  on	
  6/4/15,	
  the	
  return	
  of	
  chicks	
  to	
  the	
  nest	
  during	
  the	
  nighttime	
  hours,	
  and	
  the	
  final	
  moments	
  in	
  
the	
  nest	
  during	
  the	
  subsequent	
  evening	
  around	
  sunset.	
  	
  

Figure	
  23:	
  Determining	
  the	
  timing	
  of	
  chick	
  fledging	
  using	
  nest	
  temperature	
  and	
  ambient	
  temperature	
  for	
  SESP016	
  on	
  
6/13/15,	
  with	
  markers	
  placed	
  at	
  time	
  of	
  fledge	
  event	
  and	
  time	
  of	
  return	
  to	
  the	
  nest.	
  

82	
  
	
  
	
  

	
  

	
  

Figure	
  24:	
  Map	
  of	
  the	
  16	
  random	
  survey	
  sites	
  used	
  during	
  for	
  the	
  habitat	
  analysis,	
  extending	
  from	
  Little	
  Inlet,	
  SC	
  at	
  the	
  
NC	
  border	
  to	
  Ridgeland,	
  SC	
  near	
  the	
  GA	
  border.	
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